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After recovering from the damage of the devastating disaster occurred in 2011, J-PARC resumed its operation in 

January 2012. The accelerator operation started at 100 kW and the power was increased to 200 kW in February, when 

we restarted the user program. Very stable operation continued until the summer shutdown. In October, the operation 

resumed and then we tested maximum possible power of the accelerator with the equipment then, just before ramping 

up to 350 kW. And we achieved 534 kW as the maximum power although it was just for a short time due to the license 

regulation. This result encouraged people to foresee a possible new goal of 1.5 MW instead 1 MW in the future. The 

350 kW operation was successfully operated after the maximum power test through the end of March to the end of 

May, when we encountered another difficulty, the accident at the Hadron Facility.

Delivery of the Bubbling system to mitigate pitting of target container was delayed for half a year, but we were able 

to install it in the Hg loop and started operation in November, which enabled us to ramp up the accelerator power to 

350 KW. The mitigation effect was clearly observed by a laser Doppler vibrometry, although we had another trouble 

due to the unexpected intrusion of Hg to the branching He pipes. This problem will be solved by improving the piping 

this year.

Four new beam lines joined the user program club. Those are BL02 (DNA, back scattering inst.), BL15 (TAIKAN, 

wide angle diffractometer), BL17 (SHARAKU, vertical reflection), BL18 (SENJU, single crystal diffractometer). All of 

them are constructed and operated under the legislation for the user promotion program. A new beam port of muon, 

U-line, was also funded by a grant and started construction.

I am happy to announce that JFY 2012 was the most successful year so far for J-PARC and MLF. We received 500 

general proposals and the number of the unique users reached 900 and is still growing. Prominent scientific results 

were created in various scientific fields, such as protein science, superconductor, magnetism and industrial use. A new 

national project, Element Strategic Program has started and J-PARC/MLF is expected to be a key facility and a large 

contribution to the program.

Masatoshi Arai 
Division Director of Materials and Life Science Division (MLF)

Preface to the MLF Annual Report 2012



This is the second MLF Annual Report to be compiled jointly between J-PARC Center and CROSS-Tokai. It 
describes the scientific, technical and operational activities of the MLF during JFY2012 (April 2012 – March 2013).

Two years have now passed since CROSS-Tokai commenced operations in support of the Public Neutron 
Beam Facility at J-PARC. Though the start of direct user support activities on the Public Beamlines was delayed by 
about 10 months due to the Great East Japan Earthquake of March 2011, CROSS-Tokai is now fully engaged in 
its core business of managing the proposal selection process for the Public Beamlines, delivering high-quality user 
support and promoting facility utilization. 

During JFY2012, the suite of Public Beamlines consisted of five fully-operational instruments: BL01 
4SEASONS, BL02 DNA, BL15 TAIKAN, BL17 SHARAKU and BL18 SENJU. From JFY2013, the sixth Public 
Beamline at J-PARC･MLF – BL11 PLANET – will become available to users. With the addition of PLANET, the 
range of science enabled on the Public Beamlines will be extended to the study of liquids and solids under extreme 
temperature and pressure conditions with particular application in the Earth･Planetary and Materials Sciences.

In keeping with our mandate to promote facility utilization and actively support national research priorities, from 
the latter half of JFY2012, CROSS-Tokai initiated two new user programs on the Public Beamlines:

•	 Trial Use – a program that promotes the use of neutrons by first-time or novice users from both the 
industrial and academic sectors; and,

•	 Elements Strategy Initiative – a Japanese Government program that aims to promote the development 
of alternative materials and technologies in the target areas of permanent magnets, catalysis and 
batteries, electronic and structural materials.

In the area of facility utilization promotion, we have in the last year joined with JASRI – our sister 
organization at SPring-8 – to develop a system of Complementary Use proposals. This system aims to 
encourage and facilitate complementary and collaborative use of multiple large-scale facilities – initially 
neutron and synchrotron radiation sources – in a single research project. We hope that, ultimately, the 
system will develop to a stage where users can make a single research proposal to multiple facilities. 

Also starting this year, CROSS-Tokai is undertaking the task of reviewing the operation and performance of 
contract beamlines at the MLF. Specifically, during JFY2012, we established and set terms of reference for the 
Contract Beamline Evaluation Committee that will carry out the interim review of two Ibaraki Prefecture beamlines 
(BL03 iBIX and BL20 iMATERIA) during JFY2013.

As you can see, CROSS-Tokai is now fully up and running and continues to expand the scope and scale of its 
activities at the MLF. Though by no means exhaustive, I hope that this report will be a useful resource to anyone 
wishing to know more about CROSS-Tokai and what we do.

As always, and on behalf of the team at CROSS-Tokai, I extend a warm welcome to researchers from around 
the world who wish to make use of the Public Beamlines at J-PARC･MLF.

Yasuhiko Fujii
Director, CROSS-Tokai

* Research Center for Neutron Science and Technology, Comprehensive Research Organization for Science and Society
 www.cross-tokai.jp
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2 Research and Development Highlights

1. Introduction
 A mercury target vessel, which contains liquid 
mercury for a pulsed neutron target, suffers from 
cavitation damage induced by the pressure waves 
propagation in mercury. This damage determines 
the lifetime of the target vessel. Our approach to 
reduce the damage, that is, to mitigate the pres-
sure waves, involves injecting microbubbles into 
the mercury. The microbubbles play the role of a 
cushion in the mercury; in short, the microbubbles 
absorb mercury’s thermal expansion due to a rapid 
temperature rise caused by pulsed proton beam 
bombardment.
 A bubble generator, which injects microbubbles 
into mercury, has been developed [1] and the mer-
cury target operation with bubble injection has been 
started since October 2012. 

2. Operation status
 Helium gas is provided to the bubble generator 
from cover gas in a surge tank of a mercury circula-
tion loop. Figure 1 shows a schematic drawing of 
the mercury circulation loop with a gas supplying 
system which has been newly set during the sum-
mer shutdown in 2012. Some of the generated 
microbubbles coalesce into gas layer. The helium 
gas layer is supposed to accumulate in the target 

vessel at the outlet. A vent line, which connects 
the outlet of the target vessel with the surge tank, 
was set to vent the accumulated helium gas to the 
surge tank. However, the mercury penetrated the 
gas supplying line which connects the surge tank 
with the gas supplying system. The increase of the 
amount of mercury going into the gas supplying line 
blocks the helium gas flow to the bubble genera-
tor. Then we decided to operate the system closing 
the vent valve. Figure 2 shows the time histories of 
the mercury flow rate, QHg, the helium gas flow rate, 
QHe, and the pressure in the cover gas, PCG, when 
the vent valve is closed. Because of gas accumula-
tion at the target outlet, PCG was decreased, which 
caused decrease of QHe. Since the accumulated 
gas creates resistance against the mercury flow, 
QHg was decreased. However these values became 
constant after 180 hours of operation. Although QHg 
and QHe were decreased at the beginning of the op-
eration, we could operate the target system with mi-
crobubbles for 3 weeks keeping the gas flow rate at 
over 0.06 m3/h; this value is half of the required val-
ue. When the vent valve was opened, a decrease in 
these values was not observed. Then a gas-liquid 
separator will be installed in the vent line, which will 
prevent the mercury from penetrating the gas sup-
plying line.

Realization of Pressure Wave Mitigation in a Mercury Target 
by Microbubble Injection

Hg pump

Surge tank
Heat exchanger

Target (inlet)

Target
(outlet)

Bubble
generator

Gas supplying system

Vent line

Vent valve

Bubbling line

He
 su

pp
ly

in
g 

lin
e

He gas flow

Mercury flow

Figure 1.  Schematic drawing of a mercury circulation loop with a gas supplying system.
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3. Change in the dynamic response
 The vibrational velocity of the target vessel in-
duced by the pressure waves was measured using 
the laser Doppler diagnostic system [2]. In order to 
demonstrate the effect of distributed microbubbles 
on pressure waves in mercury, the vibrational veloci-
ties were measured both with and without microbub-
bles injecting. Figure 3 shows the typical examples 
of the time histories of vibrational velocities of both 
without and with microbubbles [3]. The beam power 
and peak energy in the mercury are approximately 
equivalent to 300 kW and 3.0 J/cc/pulse, respec-
tively. In the case of without bubbles, high-frequency 
components resulting from the ringing of the target 
vessel were superimposed after a beam injection. In 
the case of with bubbles, on the other hand, it can be 
seen that the amplitude of the velocity immediately 
after a beam injection was clearly reduced and so 
were the high-frequency components. Furthermore, 
damping of the vibration was relatively shorter than 
that in the without bubbles case.
 Figure 4 shows the relationship between the 
maximum velocity reduction due to the bubble in-
jection and the injected gas fraction to the mercury 
flow. The maximum vibrational velocity decreases 
with the increase of the injected gas. This result 
encourages us to improve the gas flow rate by the 
installation of a gas-liquid separator to reduce much 
more the pressure wave. Furthermore, we have 
confirmed that the cavitation damage is correlated 

with the maximum vibrational velocity through the 
on-beam experiments. Therefore, we expect that 
the cavitation damage induced by the pressure 
waves would be dramatically reduced by the mi-
crobubbles injection. In the future, we will observe 
the beam window portion of the target vessel that 
has been continuously operated under the micro-
bubbles injecting condition to verify the effect of the 
microbubbles on the cavitation damage.
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Switching of Intra-Orbital Spin Excitations in Electron-Doped 
Iron Pnictide Superconductors

1. Introduction
 The iron pnictide superconductor LaFeAsO1−xHx 
shows a unique phase diagram [1]. In addition to 
the first superconducting dome with the optimal criti-
cal temperature (Tc) of 29 K adjacent to the AFM 
phase, the second dome with an optimal Tc of 36 
K is broadly spread around x ∼ 0.35; a T-linear re-
sistivity, often referred to as non-Fermi-liquid state, 
is observed above the Tc. According to previous 
theoretical calculations, the development of the 
spin density wave (SDW)-type spin fluctuations is 
unlikely in such heavy electron-doping conditions x 
> 0.3 due to the change of the Fermi surface (FS) 
[2], whereas the observed T-linear resistivity implies 

the crucial relation between the spin fluctuations 
and the second dome.
 Thus, we performed inelastic-neutron-scattering 
(INS) measurements to investigate the dynamic 
spin states of LaFeAsO1−xDx with x = 0.1, 0.2, and 
0.4 corresponding to the top of the first dome, the Tc 
valley, and the top of the second dome, respectively. 
For the sample compositions x = 0.1, 0.2, and 0.4, 
the Tc’s were 27, 14, and 34 K, respectively. Several 
INS measurements were performed using the Fermi 
chopper spectrometer 4SEASONS in J-PARC. All 
data presented here were obtained at an incident 
energy of 45.1 meV [3]. 

2. Results and Discussion
 Figures 2 show the doping dependency of the 
INS intensity from LaFeAsO1−xDx with x = 0.1, 0.2, 
and 0.4 at 7 K as a function of momentum transfer 
(Q) at several fixed energy transfers (E). For com-
position x = 0.1 [Fig. 2(a)], a peak is observed at 
Q = 1.14 Å−1 and in 10 < E < 17 meV. The Q value 
is very close to the wave vector for the two-dimen-
sional stripe-type AFM order in the parent phase 
Q2D

AFM = (1 0 0) ∼ 1.1 Å−1 in orthorhombic notation, 
indicating fluctuations of the SDW. For x = 0.2, the 
magnetic peak completely disappears [Fig. 2(b)]. As 
x increased to 0.4 [Fig. 2(c)], a peak appears again 
at Q = 1.25–1.38 Å−1 in 16 < E < 22 meV. Figure 1.  Schematic phase diagram of LaFeAsO1−xHx.

Figure 2.  Constant E-scans of LaFeAsO1−xDx with (a) x = 0.1, (b) 0.2, and (c) 0.4 at T = 7 K.
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 Figures 3 show the calculated spin susceptibility 
based on the RPA applied to a five-orbital model 
of LaFeAsO1−xHx that was derived from the band 
calculation using VCA for the doping effect. The 
calculated χs at x = 0.08 and 0.40 have a peak at 
Q = (π, 0) ∼ 1.1 Å−1 and (π, 0.35π) ∼ 1.2 Å−1, re-
spectively, which agree well with the experimental 
values. From the FS analysis, the origins of the two 
χs peaks are different; the former is derived from 
the nesting within Fe-3dYZ, ZX, whereas the latter is 
due to the nesting within Fe-3dX2-Y2, indicating the 
switching of the two intra-orbital nestings within the 

3dYZ, ZX and 3dX2-Y2 by electron doping. These ex-
perimental findings and calculations imply that the 
orbital multiplicity plays an important role in the dop-
ing and/or material dependence of the Tc of the iron 
pnictides.
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Dynamics of a Model Protein of the Amyloid Fibril Formation 
Observed by Neutron Scattering

1. Introduction
 Amyloid fibrils are filamentous protein aggregates 
found as deposits in patients of various diseases 
such as Alzheimer’s disease, Parkinson’s disease, 
and senile systemic amyloidosis. These abnormal 
protein aggregates and/or intermediate structures 
towards the mature fibrils are related to the patho-
genesis of these diseases. The elucidation of the 
amyloid fibril formation mechanism is thus important 
for elucidation of the mechanism of pathogenesis.
 Although the proteins known to form the amy-
loid fibrils are not related to each other at all, the 
fibrils formed have similar structures [1], suggesting 
a common mechanism of the amyloid fibril forma-
tion. The investigation of the amyloid fibrils of some 
“model” protein should therefore provide insights 
into this common mechanism. We selected hen egg-
white lysozyme (HEWL) as a model protein. HEWL 
assumes various structural states from monomers 
to the amyloid fibrils as a function of HEWL and eth-
anol concentrations [2]. It is thus easy to control the 
structural states of HEWL by changing the amount 
of ethanol and HEWL in the samples. This HEWL-
water-ethanol system is therefore suitable to inves-
tigate the mechanism of the amyloid fibril formation.
 Since partial unfolding of a protein is likely to trig-
ger the formation of the intermediate(s) towards the 
amyloid fibrils, investigation of the dynamics of the 
protein should be important. Here we investigated 
the dynamics of HEWL in the monomer and the 
amyloid fibril state by neutron scattering. Neutron 
scattering provides unique tools to directly measure 
the dynamics of the proteins. In particular, elastic 
incoherent neutron scattering (EINS) provides a 
measure of flexibility of the protein. We performed 
the EINS measurements of HEWL in the monomer 
and the amyloid states.

2. Experiments
 50 mg/ml HEWL in D2O and 10 mg/ml HEWL 
in 90% (v/v) of deuterated ethanol were prepared 

as samples for the monomer state and the amyloid 
fibril state, respectively. The EINS measurements 
of these samples were carried out using the near-
backscattering spectrometer DNA at MLF/J-PARC. 
The measurements were done at several tempera-
ture points between 280 K and 300 K, at an energy 
resolution of 12 μeV.

3. Results
 Figure 1 shows the EINS curves of HEWL in 
the monomer and the amyloid fibril states at vari-
ous temperatures plotted against Q2 (Q = 4πsinθ/λ, 

Figure 1.  The EINS curves of HEWL (a) in the monomer state 
and (b) in the amyloid fibril state. In (a), the curves 
at 280 K, 282.5 K, 285 K, 290 K, 295 K, and 300 K, 
from top to bottom, are shown. In (b), the curves at 
280 K, 282.5 K, 285 K, 287.5 K, 290 K, 292.5 K, 295 
K, and 300 K, from top to bottom, are shown.
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where 2θ denotes the scattering angle and λ the 
wavelength of the incident neutrons, is the momen-
tum transfer). 
 Linear fits to these curves provide the atomic 
mean square displacements <u2>, shown as data 
points represented by the filled squares and the fits 
represented by the solid lines in Fig .1.
 Temperature dependence of <u2> obtained is 
shown in Fig. 2.
 Differences are observed between the monomer 
and the amyloid fibril states. Linear fits to the data in 
Fig. 2 provide the values of the effective force con-
stant, which is a measure of flexibility of the protein. 
From this force constant analysis, the effective force 
constants were estimated to be 0.10 ± 0.02 N/m for 
HEWL in the monomer state and 0.058 ± 0.025 N/m 
for HEWL in the amyloid fibril state, respectively. 
This indicates that the protein in the amyloid fibril 
states is more flexible than in the monomer state. 
This difference in the dynamics of the protein im-
plies the correlation between the aberration in dy-
namics and the aberration in structures.
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Figure 2.  Temperature dependence of <u2> of HEWL in 
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Straight lines are the results of the force constant 
analysis.
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Crystal and Magnetic Structure Investigation on Solid Solution 
of BiFeO3-BaTiO3

 Multiferroic materials are a group of materials 
that exhibit several ferroic characteristics simulta-
neously. Because of their potential to be utilized as 
actual applications, extensive studies have been 
conducted for decades. In most of the multiferroic 
materials multiferroicity manifests itself only under 
low temperatures, however BiFeO3 (BFO) exhibits 
multiferroicity, ferroelectricity and antiferromagnet-
ism at room temperature [1-3]. The ferroelectricity 
appears below TC ~ 1100 K and the antiferromag-
netism below TN ~ 640 K. The crystal structure be-
low TC is of a rhombohedrally distorted perovskite 
type (R3c), and the magnetic structure below TN is 
of a modulated G-type with an incommensurate pe-
riod of 620 Å [4].
 Recently, the solid solution of BFO with BaTiO3 
(BTO), which is a well-known and widely used fer-
roelectric material, was reported to exhibit improved 
ferroelectricity and spontaneous magnetization 
[5,6]. Meanwhile, a structural study by X-ray powder 
diffraction suggested that the structure of the solid 
solution is cubic in the ferroelectric region though a 
cubic symmetry is non-polar. In this study, X-ray and 
neutron powder structure analyses were performed 
to clarify the crystal and magnetic structures of the 
(1-x)BFO-xBTO solid solutions.
 The samples synthesized by the solid state re-
action were measured by a laboratory X-ray pow-

der diffractometer (RINT2000@IMRAM, Tohoku 
University) and the neutron powder diffractometer 
(HERMES@JRR-3M, JAEA). In addition, the pulsed 
neutron high-resolution powder diffractometer 
(SHRPD@J-PARC/MLF) was also used to measure 
magnetic superlattice reflections in order to examine 
the variation of the modulated magnetic structure.
 The reflection at R-point, which characterizes 
the rhombohedral structure, and the magnetic re-
flections were observed in the samples of 0 < x < 
0.8. The Rietveld analyses of the X-ray and neutron 
powder data revealed a complex phase diagram 
of the BFO-BTO system. For example, at room 
temperature, there is only a hexagonal phase in x 
< 0.15, coexisting hexagonal and cubic phases in 
0.15 < x < 0.8 and coexisting hexagonal and tetrag-
onal phases in x > 0.6. The analyses also revealed 
that the compositions of the coexisting phases differ 
from each other. Ba and Ti atoms mostly go into the 
cubic or the tetragonal phase, and the change of the 
composition in the hexagonal phase is little. At the 
same time, the rhombohedral distortion was found 
to be released as x increases.
 The observed magnetic superlattice reflections 
are shown in the figure (left). The overlapping of the 
peaks is due to the quality of the sample since the 
resolution of the instrument, δd/d ~ 0.1%, should be 
high enough to resolve the peaks well. The shifts 
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of the peak positions are also shown in the figure 
(right). The positions of the peaks barely varied 
against the change of x. This is a good contrast to 
the case of BFO doped with manganese, where the 
peaks shift towards Γ point as the manganese con-
centration increases [7]. The difference may be at-
tributed to the actual compositions of the hexagonal 
phase. Hence it can be conjectured that the modu-
lated magnetic structure is affected mainly by its 
composition rather than its structure. More detailed 
results can be found in the reference of [8].
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Novel Dielectric Oxides 
for High-Temperature-Operating Devices

1. Introduction
 The next-generation power electronics has at-
tracted a great deal of attention because these 
power electronic devices can markedly reduce an 
electric power consumed by mortars used for vari-
ous applications such as electric/hybrid vehicles, 
trains, and air conditioners. The 50-90% reduction 
of the electric power loss is expected to be achieved 
by replacing the currently-used Si-based semicon-
ductors with silicon carbide (SiC)-based ones in the 
inductors for the mortars. Dielectric capacitors that 
can be used at high temperatures of up to 200°C 
are required to realize the SiC-based power de-
vices. However, the currently available capacitors 
are guaranteed only at a maximum temperature of 
175°C.
 In this study, Bi0.5Na0.5TiO3 is selected to be a 
base ferroelectric material for high-temperature di-
electric capacitors. Solid solutions of ferroelectric 
Bi0.5Na0.5TiO3 and paraelectric Ba(Mg1/3Nb2/3)O3, 
(1−x)Bi0.5Na0.5TiO3–xBa(Mg1/3Nb2/3)O3 [(1−x)BNT–
xBMN] are chosen. It is shown that (1−x)BNT–
xBMN ceramics with x = 0.3 had a high er value of 
approximately 1000 in the wide temperature range 
of 25–400°C.

3. Results and Discussion
 (1−x)Bi0.5Na0.5TiO3–xBa(Mg1/3Nb2/3)O3 : (1−x)BNT–
xBMN powders were prepared by a solid-state reac-
tion. Time-of-flight neutron powder diffraction data 
were collected at 25°C using the SuperHRPD at 
J-PARC. The structure parameters were refined by 
the Rietveld method using the program Z-Rietveld. 
 Figure 1 indicates the integrated-intensity ratio 
of the 113hexa to 111c peaks, I(113hexa) / I(113c), calcu-
lated from the neutron diffraction data, where “hexa” 
and “cubic” indicate the hexagonal and cubic nota-
tions, respectively. The value of I(113hexa) / I(113c) is 
a character showing the volume fraction of the R3c 
phase. The intensities of the 113hexa peak originating 
from the R3c phase were relatively high for x = 0.01 

and 0.03, and their values of I(113hexa) / I(113c) were 
over 0.1. However, I(113hexa) / I(113c) decreased 
markedly around x = 0.04 and its value became 
0.03 for x = 0.04. Although the 113hexa peak was like-
ly to disappear for x = 0.05, I(113hexa) / I(113c) was 
calculated to be 0.01 for x = 0.05. This result shows 
that powders for x = 0.05 contain a small amount 
of the rhombohedral R3c phase. The 113hexa peak 
completely disappeared for x = 0.10.
 Figure 2 shows the temperature dependences of 
dielectric permittivity (er) and dielectric loss (tanδ). 
In the temperature (T) range below 200°C, er was 
strongly dependent on the frequency (f) and er was 
suppressed when f increased. In this temperature 
region, tanδ had a relatively high value and in-
creased with increasing f. Above 200 °C, er gradu-
ally increased with T and showed a maximum at Tm 
at around 300°C, and then decreases with T.
 The strong er and tanδ dependences on T below 
200°C are quite similar to the “relaxor” dielectric 
behavior observed for Pb(Mg,Nb)O3, Pb(Zn,Nb)
O3. The “relaxor” dielectric behavior disappeared at 
high temperatures of T > 200°C, which is likely due 
to the phase transition from the rhombohedral R3c 
to the tetragonal P4bm.
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Figure 1.  Phase diagram in (1−x)BNT–xBMN.
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 It is interesting to note that x = 0.04 showed an 
extremely high er over 2,000 at high temperatures in 
the range of 200°C < T < 400°C. This value of er 
observed for x = 0.04 was much higher than that of 
BaTiO3-based ceramics that have been utilized for 
ceramics capacitors. In addition, x = 0.30 exhibited 
a dielectric property in which er showed an almost 
constant value in the wide temperature range from 
25°C to 400°C. These stable dielectric properties 
with respect to T are suitable for application in high-

temperature capacitors. Further investigations of 
crystal structures and properties are required to elu-
cidate the origin of this dielectric behavior observed 
in (1−x)BNT–xBMN ceramics.
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Figure 2.  Temperature dependence of dielectric permittivity (er) and dielectric loss (tanδ) of (1−x)BNT–xBMN ceramics measured 
at different frequencies.
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Structural and Electrical Properties of Pb-substituted 
La2Mo2O9 Oxide Ion Conductors

1. Introduction
 The La2Mo2O9 oxide ion conductor has been in-
tensively studied for use in the electrolyte of solid 
oxide fuel cells (SOFC), since the first report by 
Laccore et al. While pure La2Mo2O9 undergoes the 
phase transition at 580oC accompanied by a drop 
in conductivity when the temperature decreases, 
the high-temperature cubic phase (Fig. 1) can be 
preserved down to room temperature by substitut-
ing some cations. Although the bismuth substituted 
system La2-xBixMoO9 has been widely studied to sta-
bilize the high temperature phase, a Pb-substituted 
system La2-xPbxMoO9-x/2 has not been reported yet. 
Assuming that the chemical properties of bismuth 
and lead are relatively close and the major differ-
ence is the charge valence with the resultant ox-
ide ion vacancy concentration, the contribution of 
oxide ion vacancy to the ionic conduction property 
and crystal structure can be discussed by compar-
ing La2-xPbxMoO9-x/2 and La2-xBixMoO9. In the present 
study, we synthesize La2-xPbxMoO9-x/2 samples to 
clarify the stability, electrochemical properties and 
crystal structure.

2. Experimental
 La2Mo2O9-based solid solutions are prepared by 
the conventional solid state reaction method. The 
calcining and sintering temperatures are selected 
at 500oC and 1000oC, respectively. To confirm the 
stability of the high temperature phase, samples 
have been annealed at 450–500oC for more than 10 
hours before XRD and thermal analyses.
 Electric conductivities are measured by AC two-
probe method, and EMF of oxygen gas concentra-
tion cells using the sample discs are also measured 
to determine the dominant charge carrier.
 Neutron diffraction experiments are carried out 
at TOF-type diffractometer Super HRPD installed at 
MLF of J-PARC. The diffraction data are analyzed 
by Rietveld method using Z-Rietveld assuming cu-
bic symmetry (P213). 

3. Results and Discussion
 From the phase stability experiments by XRD 
and DSC, it was found that La2-xPbxMoO9-x/2 exhib-
its a single phase of high temperature form in the 
range 0.06 ≤ x ≤ 0.6, which is essentially similar to 
the Bi-substituted system.
 Figure 2 shows the Arrhenius plots of electric 
conductivity. EMF measurements indicate that the 
transport number of oxide ion is 1.0 for all the sol-
id solutions. Ionic conductivity decreases with the 
amount of substitution, the trend of which is simi-
lar to La2-xBixMoO9 despite the larger number of 
oxide ion vacancy in the Pb-substituted system. 
Nevertheless, La2-xPbxMo2O9-x/2 exhibits slightly 
higher conductivity under conditions of lower tem-
perature, while they almost coincide at high tem-
peratures.
 In order to find a structural variation with Pb-
substitution, neutron diffraction experiments have 
been carried out on La2-xPbxMo2O9-x/2, the results of 
which are then compared with La2-xBixMo2O9. Some 
of the refined structural parameters are represented 
in Fig. 3. The lattice parameters of both systems 

Figure 1.  Crystal structure of the high-temperature phase of 
La2Mo2O9. 



13Research and Development Highlights

develop with composition showing Vegard’s rule. 
However, the occupation factor of oxide ion at O2 
site decreases with the Pb-substitution, while it al-
most remains the same for Bi-substituted samples. 
Assuming that the major diffusion path at low tem-
perature is oxide ion hopping between O2 and O3 
sites, it is favorable for higher conductivity that de-
fects are likely to form at O2 site with a higher oc-
cupancy. Therefore, the slight enhancement in ionic 
conduction of La2-xPbxMo2O9-x/2 at low temperature 
can be explained in the terms of defect formation. 
On the other hand, the oxide ion occupancy is 
thought not to be effective for ionic conductivity at 
elevated temperatures, because oxide ion motion 
would be highly activated.

S. Takai1,*, Y. Doi1, S. Torii2,3, J. Zhang2,3, T. Y. S. P. Putra3, P. Miao3, T. Kamiyama2,3, and T. Esaka1

1Graduate of School of Engineering, Tottori University; 2Neutron Science Section, Materials and Life Science Division, J-PARC Center; 
3Institute of Materials Structure Science, KEK; *present address, Graduate School of Energy Science, Kyoto University

Figure 3.  (a) Lattice parameter and occupation factors of (b) 
O2 and (c) O3 sites for La2-xPbxMo2O9-x/2 (◦) and 
La2-xBixMo2O9 (◦).

Figure 2.  Arrhenius plot of electric conductivity for 
La2-xPbxMo2O9-x/2. ◦: x = 0, ◦: 0.06, △: 0.10, ▪: 
0.20, : 0.30 and 	: 0.60.
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Determination of the Microstructural Properties 
of Four Ancient Japanese Steel Arrow Tips 

through Wavelength Resolved Neutron Transmission Analysis

1. Introduction
 Japanese arms and armors represent one of the 
most important topics in the field of historical met-
allurgy. Since ancient times, the Japanese swords 
are recognized as outstanding in terms of hardness, 
resilience and, last but not least, aesthetics. The 
importance of the Japanese arms and armors has 
increased as a result of several studies conducted 
since the late 19th century, both from stylistic point 
of view [1-2] and from the analytical scientific ap-
proach [3-6]. Until now, the scientific analysis was 
based mostly on the traditional metallurgy tech-
niques: metallography and scanning electron mi-
croscopy (SEM), both of them invasive [3-4]. More 
recently, Japanese swords have been analyzed 
through non-invasive quantitative methods as time 
of flight neutron diffraction (ToF-ND) [5-8] and neu-
tron imaging (NI) [9] allowed obtaining important in-
formation about composition as well as about the 
thermal and mechanical treatments. The two neu-
tron techniques have their limitations that, however, 
can be overcome by applying a third neutron-based 
method, namely position sensitive wavelength re-
solved neutron transmission analysis (PS-WRNTA).
 We have analyzed 4 Japanese arrow tips attrib-
uted to the Edo period (17th-19th century) with dif-
ferent shape, composition and conservation status 
(see fig. 1). The sample composition was deter-
mined through ToF-ND [10].
 The PS-WRNTA measurements were performed 
exploiting the time of flight feature to determine the 
microstructural properties of the samples as mi-
crostrain, phase distribution and degree of crystal-
linity. An innovative high spatial, high time resolution 
detector, developed by A. Tremsin [11], was used to 
obtain, at the same time, a whole set of radiogra-
phies, each for a specific neutron wavelength.

2. Results
 The detector was set to scan regions corre-
sponding to the main Bragg edges in the transmis-

Figure 1.  Picture of the four analyzed samples. Square (Sq) 
and rhomb (Rh) are low carbon steel, spear (Sp) 
is high carbon steel, and cone (Co) is iron.

Figure 2.  Energy integrated radiography of the samples. The 
microstructural features are revealed by the differ-
ent levels of gray. The red squares define the ar-
eas of the wavelength distribution intensity (fig. 3).
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sion spectrum of ferrite (the main phase of each 
sample), namely the 110 (4.05 Å), 200 (2.68 Å), and 
211 (2.34 Å) reflections. The data were normalized 
using the open beam images.
 In this way it was possible to map the Bragg edge 
features through the whole volume of the samples 
(see figs. 2 and 3). Identification and mapping the 
presence and orientation of single crystals in iron, 
represents an outstanding result in the study of an-
cient and modern metallurgy.
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Figure 3.  Wavelength distribution intensity of the highlighted areas of fig. 2 corresponding to the 211 and 110 Bragg edges. The 
cone sample (pink) presents several ferrite single crystal oriented grains, identified by the presence of dips on the left 
side with respect to the edge. Minor presence of oriented single crystals is present in rhomb (red) and square (blue) 
samples while the spear one (black) appears to be isotropic.
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Study of Neutron Radiation Hardness of Hybrid Avalanche 
Photo Detector for the Belle-II Experiment

1. Introduction
 The search for New Physics (NP) beyond the 
Standard Model is one of the main subjects in 
the experimental particle physics today. The LHC 
experiment at CERN performs direct search for 
NP through high energy proton-proton collisions. 
Another way of NP search is to find any signature 
of the interference between the Standard Model 
process and NP process. The Belle II experiment is 
aimed to find such interference in the B-meson and 
tau lepton decays. To find small signature of new 
physics process, a SuperKEKB accelerator that 
will be used for the Belle II experiment, has been 
designed to produce 40 times higher luminosity 
compared to the KEKB accelerator that was used 
for the previous B-factory experiment (Belle experi-
ment). On the other hand, high luminosity causes 
high background at the Belle II detector. A GEANT 
based Monte Carlo simulation shows that electrons 
coming from the Bhabha scattering will hit heavy 
components around the Belle II detector and will 
produce fast neutrons. All detector components of 
Belle II are required to have sufficient neutron ra-
diation hardness. We adopt Aerogel Ring Image 
Cherenkov counter (A-RICH) as the particle identifi-
cation device for the end-cap part of the Belle II de-

tector. A-RICH consists of Aerogel radiators, Hybrid 
Avalanche Photo Detectors (HAPDs) and their 
readout electronics. The fast neutrons could cause 
displacement damage on the bulk part of Avalanche 
Photo Diodes contained in a HAPD. At the Belle II 
end-cap region where HAPDs are to be located, the 
flux of fast neutrons (1 MeV equivalent neutrons) is 
estimated to be 1 × 1012 neutrons / cm2 or slightly 
higher, assuming that SuperKEKB and Belle II run 
for 10 years. The specification of the HAPD is most-
ly finalized and the remaining issue is the neutron 
radiation hardness. We study the radiation hard-
ness of the HAPD using BL10.

2. Experimental setup
 We made four types of HAPDs that had slightly 
different specifications. At this experiment, those 
four HAPDs are ordered in a row that would allow 
the neutron beam to penetrate them. In addition to 
those HAPDs, two aerogel Cherenkov radiator tiles 
are also placed in front of them. The total neutron 
flux is measured using small diodes that have a 
known relation between neutron dose and leakage 
current increase. Figure 1 shows the measured 
total neutron flux at this experiment. This neutron 
flux is the integrated flux of two irradiation periods: 

x1
012

 n
/c

m
2

Linear fit 
Measurement 

Figure 1.  Neutron flux VS ID of diodes (upstream: ID = 0, downstream: ID = 4).
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Feb. 16-19, 2013 andMarch 9-11, 2013. The total 
neutron flux (1 MeV equivalent neutrons per cm2) 
is measured to be 2 × 1012 neutrons / cm2 and 1 × 
1012 neutrons / cm2 for the HAPD at the extreme 
upstream and downstream position, respectively. 
These numbers correspond to the total neutron 
dose estimated for the 10 years operation at the 
Belle II experiment.  
 The performance of the HAPDs is checked sev-
en times: before the neutron irradiation, right after 
the first irradiation period, one week after the first ir-
radiation period, before the second irradiation, right 
after the second irradiation period, one week after 
the irradiation period, and one or two month after the 
second irradiation period. The performance check 
consists of the measurement of the leakage cur-
rent, measurement of the noise, and measurement 
of the gain for a single or a few photons. Figure 2 
shows a result of the leakage current measurement 

as a function of time. We found that the increase 
of the leakage current right after the irradiation was 
similar for all four types of HAPDs. We also found 
that the leakage current of 1 × 1012 neutrons / cm2 
gradually decreased after stopping the irradiation 
for two types of HAPDs and increases for the other 
two types of HAPDs. This result indicates that not 
only the bulk part but also the surface part of APD 
is affected by neutron irradiation, since differences 
among these HAPDs are only in the surface part of 
the APD.
 From the noise and gain measurement, the sig-
nal-to-noise ratio (S/N) is measured to be S/N = 4.3 
for the HAPD that is irradiated to 2.0 × 1012 neutrons 
/ cm2. This S/N is acceptable for K/π separation at 
the Belle II experiment. We conclude that the HAPD 
have sufficient neutron radiation hardness for the 
Belle II experiment. 
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Figure 2.  Leakage current VS time (-20 and 0 correspond to the first and second irradiation, respectively).
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Evaluation of Manufacturing Process with Energy Selective 
Neutron Radiography

1. Introduction
 In manufacturing industries some products need 
to be manufactured to have special features of crys-
talline, such as strain, crystalline size or orientation, 
especially for products that need high quality assur-
ance such as aero engine parts. In such products, 
the manufacturing process should be controlled and 
also evaluated strictly. Usually X-ray diffraction, mi-
croscopy or electron backscatter diffraction is used 
to evaluate the crystal features. However it takes 
too much time to conduct an evaluation in a macro 
scale because only features on the surface or in a 
micro scale are obtained.
 In this study we applied energy selective neutron 
imaging and analysis with RITS code [1] in order to 
evaluate spatial distribution of crystalline structure 
in macro scale. We evaluated forged Ni-based al-
loy and found that we could distinguish a different 
process condition from the differences in crystal-
line features with neutron imaging and analysis with 
RITS code. The results indicated that this method 
has the possibility to be a powerful tool for evalua-
tion of the production process.

2. Experimental Methods and Results
 The experiments were executed at BL10, 
NOBORU. We used Li-glass scintillation detector 
[2] (Fig. 1), which has cross section of 48 × 48 mm, 
channel number of 256 and spatial resolution of 3 
mm. The pulsed neutron beam was divided in time 
and measured for every 5us in each pixel, which 
enables spectroscopic imaging with neutrons.
 Test pieces of Ni-based alloy, one of the typical 
materials used in aero engine parts, are shown in 
Fig. 2. Both of them were forged by 80% with differ-
ent forging speed, and have diameter of 50 mm and 
thickness of 7 mm. Also, α-iron was measured to 
estimate the flight length of the neutron beam as a 
standard with a known lattice constant. The time for 
irradiation was about 13 hours for test pieces, and 
10 hours for an open beam.

 Figure 3 shows the dependency of neutron trans-
mittance on neutron wavelength in some pixels of 
the detector. Clear Bragg edges are shown and dif-
ferent edge shapes indicate different crystal struc-
ture. Then we applied RITS analysis to the spectra 
in every pixel, and evaluated the spatial distribution 
of crystal strain and anisotropy.
 Figure 4 shows the spatial distributions of strain 
and crystal anisotropy. There is no clear difference 
in the strain distribution, which is considered, be-
cause both samples have the same forge rate. On 
the other hand, in the distribution of crystal anisot-
ropy a slowly forged sample shows much more 
anisotropy. It is assumed that in a slowly forged 
sample the crystallite is more likely to be oriented to 
its preferable direction, which causes crystal anisot-
ropy. 

Figure 1.  Picture of 256-channel Li-glass scintillation detector.

α-iron
Ni-base alloy(slow forged)

Ni-base alloy(fast forged)

Figure 2.  Picture of the test pieces.
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 In this study we discovered the potential of ener-
gy selective neutron radiography and RITS analysis 
for process assessment or non-destructive inspec-
tion of Ni-based alloy. In the future we would like to 
verify these results by comparing them to the out-
come of other experiments, which involve a different 
method, detector or beam line.
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Figure 3.  Neutron transmittance spectra of forged Ni-based 
alloy on neutron wavelength ((a):fast forged, 
(b):slowly forged). 
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Figure 4.  Spatial distribution of strains (a) and crystal an-

isotropy (b) in Ni-based alloy evaluated with RITS 
analysis.
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Time-resolved Neutron Imaging with Resonance Absorption 
Reactions and Its Application in Computed Tomography

1. Introduction
 Neutron resonance absorption techniques take 
advantage of the tendency of some nuclides to 
preferentially absorb neutrons at specific energies, 
unique to each nuclide, for the non-destructive study 
of isotopic density and temperature [1]. At a pulsed 
neutron source, resonance absorption can be direct-
ly observed in the sample transmission, determined 
from the ratio of neutron intensities with and without 
the sample measured as a function of time-of-flight 
(TOF). Employing a detector with good spatial and 
time resolutions allows the direct imaging of isotopic 
density and temperature over an entire sample in a 
single measurement and is suitable for computed to-
mography (CT).
 To demonstrate such a resonance CT mea-
surement, we have used our Micro PIxel Chamber 
(μPIC)-based neutron imaging detector [2,3], de-
veloped under the Quantum Beam Technology 
Program, MEXT (Fig. 1). The detector consists of 
a micro-pattern gaseous detector with 400 μm pitch 
coupled with an all-digital, FPGA-based data ac-
quisition system. Featuring 3D tracking and energy 
measurement via time-over-threshold, it achieves 
100 μm spatial resolution and ultra-low gamma sen-
sitivity of <10-12, along with 0.6 μs time resolution, 
18% efficiency for thermal neutrons (using 3He), 
and ~Mcps rate capability.
 The experiment was performed at NOBORU 
(BL10) [4] in December 2012. The detector was po-

sitioned at 14.5 m from the moderator, and the sam-
ple, consisting of Cu, Mo, W, Ag, and In rods with di-
ameters of 2 to 6 mm, was placed on a goniometer 
located at ~50 cm upstream of the detector (Fig. 2). 
A rotary collimator was set to 10 × 10 mm2, and 50 
mm Pb and 1 mm boron-silicate filters were used 
to reduce the intensity of the T0 gamma flash and 
the overlap neutrons, respectively. Measurements 
were taken at 16 angles (11~17 × 106 neutrons per 
angle), with an additional ‘no-sample’ run.

2. Preliminary Results
 Figure 3 shows the neutron transmission of the 
sample with resonance peaks for each element in-
dicated. Figure 4 shows the preliminary CT images 

Figure 1.  Schematic of the μPIC detector.

Figure 2.  Experimental setup. (a) Sample on goniometer 
and (b) detector and sample from upstream beam 
position are shown.

Figure 3.  Neutron transmission versus TOF. Several peaks 
are labeled by element.
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reconstructed using a simple filtered back-projec-
tion method. The indicated neutron TOF cuts, cho-
sen to select resonances at 2039 and 579 eV (Cu), 
45 eV (Mo), 19 eV (W), 5.2 eV (Ag), and 1.5 eV (In), 
clearly enhance the individual elements in each im-
age. A more accurate analysis method using fits to 
the known cross-sections is under development.
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indicated in each figure.
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Two-Dimensional Focusing of Pulsed Neutron Beam 
with Elliptic Supermirrors

1. Introduction
 At spallation neutron sources, a focusing device 
is required to accept and reflect wideband beam 
with large divergence into small area with high ef-
ficiency and high signal-to-noise ratio. In order to 
meet these demands, we developed focusing su-
permirrors with a large critical angle, high reflectiv-
ity, and low diffuse scattering[1], by using ion-beam 
sputtering (IBS) technique, and with precise surface 
figure of the focusing mirror by using the numeri-
cally controlled local wet etching (NC-LWE) process 
[2][3].
 In this report, we have developed a two dimen-
sional focusing device which is called Kirkpatrick-
Baez mirror based on these cutting–edge technolo-
gies in order to enhance the q-resolution of neutron 
experiments such as small angle neutron scatter-
ing (SANS), and space resolution such as prompt 
gamma activation analysis (PGAA) and so on. 
 Even though this system was established in the 
field of x-ray focusing experiments, it is very diffi-
cult to apply it to neutron experiments because the 
neutron intensity is several orders weaker than the 
advanced synchrotron X-ray sources; to solve the 
problem, large scale focusing mirrors with sub-mi-
crometer figure shape and high performance super-
mirror are required to focus on a small target.

 We have been developing ultra-precise focus-
ing mirrors combining a high-performance neutron 
supermirror and very precise surface figuring tech-
nique.

2. Mirror Fabrication
 The elliptical KB mirror system is an aberration 
free system, which consists of two total reflection el-
liptical mirrors. One is used for vertical focusing and 
the other for horizontal focusing at separate posi-
tions.
 Mirror substrates were prepared by figuring a 
surface of synthesized quartz glass into a planoel-
liptical shape using the NC-LWE process. The peak-
to-valley flatness was 1.33 μm over 400 × 50 mm. 
The surface roughness was 0.202 nm rms.
 NiC/Ti supermirrors were deposited using the 
IBS method on the elliptic quartz surface. The neu-
tron reflectivity was measured using the CHOP 
beam port of JRR-3. The reflectivity of m = 4 super-
mirror reseaches ≃ 0.6 at the critical wavelength is 
also a typical value.

3. Experimental setup and result
 The focusing performance of the fabricated 
KB supermirror system was evaluated at BL10 
NOBORU. Figure 1 shows a photograph of perfor-

Figure 1.  A photograph of performance test of the KB system.
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mance test of the KB system at BL10 NOBORU. 
NOBORU provides a neutron beam of ≥ 3 Å. Figure 2 
shows a conceptual diagram of the KB system. The 
focal length of the ellipsoid is 2100 mm. The hori-
zontal focusing mirror with m = 4 has a length of 400 
mm. The vertical focusing mirror with m = 3 has a 
length of 100 mm. The two mirrors are set at sepa-
rate positions. Reduction ratios of this system are 
x1 for horizontal axis and x0.4 for vertical axis.
 The virtual source was set using the pinhole slit 
with 0.5 mm (H) and 1 mm (V) at the focal point 
position. Focused beam shape was observed with 
an imaging plate placed at 2100 mm after the virtual 

focusing point. Figure 3 shows a result of the focus-
ing test of the KB system. The focused beam area 
is 0.5 mm × 0.5 mm in full width at half maximum, 
almost reproducing the beam size determined by 
the KB system.

References
[1]  R. Maruyama, D. Yamazaki, T. Ebisawa, K. 

Soyama, J. Appl. Phys. 105 (2009) 083527.
[2]  K. Yamamura, Ann. the CIRP 56/1 (2007) 541-4.
[3]  D. Yamazaki, et al., J. Phys.: Conf. Ser. 251 

(2010) 012076.

D. Yamazaki1, R. Maruyama1, H. Hayashida1, K. Soyama1, M. Nagano2, F. Yamaga2, and K. Yamamura2

1Neutron Instrumentation Section, Materials and Life Science Division, J-PARC Center; 2Graduate School of Engineering, Osaka University

Figure 3.  2-d profile of focused beam. Figure 2.  A KB system configuration.
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Confirmation of Spin Gap Excitations 
in the Spin-3/2 Substances RCrGeO5 (R = Y or 114Sm)

1. Introduction
 One important phenomenon in quantum spin 
systems is the appearance of a spin-singlet ground 
state with spin gap (singlet-triplet excitation). To un-
derstand this phenomenon properly, experimental 
as well as theoretical investigations are necessary. 
We know model substances when S = 1/2, 1 or 2. 
Although a spin-singlet ground state with a spin 
gap is possible in spin-3/2 systems such as antifer-
romagnetic (AF) alternating chains [1], there is no 
model substance with S = 3/2.
 Spin-3/2 AF alternating chains of Cr3+ can be ex-
pected in RCrGeO5 (R = Y or rare earth) [2]. We 
would like to prove that these substances have a 
spin-singlet ground state with spin gap. However, 
we cannot prove it in magnetization results be-
cause of the rare earth or other magnetic phase 
included in samples. Consequently, we performed 
inelastic neutron scattering (INS) measurements on 
RCrGeO5 (R = Y or 154Sm) powders to confirm the 
spin gap excitations. We used the High Resolution 
Chopper (HRC) spectrometer at BL 12 in J-PARC.

2. Results and Discussion
 Excitations are apparent at 4.0 K in small Q re-
gions in YCrGeO5 as shown in Fig. 1(a). The inten-
sity decreases with increasing T. Most of the exci-
tations are magnetic and indicate spin gap excita-
tions. We obtained the intensity map in the q1D-ω 
plane [Fig. 1(b)] from the data at 4.0 K using the 
conversion method [3]. Q1Dis the scattering vector 
parallel to the spin chain and  where d 
is the average distance of nearest-neighbor Cr-Cr 
(d = 2.84 Å). The intensity is the strongest at around 
q1D = 0.5 as expected in the AF spin chains. The 
white line shows  where v = 
20 meV and Δ = 10 meV (spin gap value). As shown 
in Fig. 1(c), the width of I(ω) at q1D = 0.5 is broader 
than the resolution.
 We also observed spin gap excitations in 
154SmCrGeO5. We obtained the intensity map 

Figure 1.  (a) The intensity map in the Q-ω plane in YCrGeO5 
at 4.0 K. The incident neutron energy is 51.1 meV. 
(b) The intensity map in the q1D-ω plane obtained 
using the conversion method. (c) I(ω) at q1D = 0.5 
obtained using Ei = 51.1 meV (red) and 46.1 meV 
(blue). The horizontal bars indicate the energy 
resolution at ω = 0.

0

0.1

0.2

0.3

0.4

0 10 20

In
te

ns
ity

 (a
rb

. u
ni

ts
)

ω (meV)

(a)

(b)

(c)



25Research and Development Highlights

in the q1D-ω plane from the data at 7.8 K. The in-
tensity is the strongest around q1D = 0.5 as ex-
pected in AF spin chains. The white line shows 

 where v = 15 meV and Δ = 
18 meV (spin gap value). I(ω) at q1D = 0.5 seems 
resolution limited (not shown).

 The dispersion relation of the lowest magnetic 
excitations of YCrGeO5 (SmCrGeO5) is similar to 
the theoretical dispersion relation δ = 0.75 (0.85) 
(not shown). We estimated J = 9 meV (10 meV) for 
YCrGeO5 (SmCrGeO5)2 where the two exchange in-
teraction parameters are defined as J1,2 = J(1±δ). To 
our knowledge, RCrGeO5 is the first spin-3/2 sub-
stance showing a spin-singlet ground state with a 
spin gap.
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Figure 2.  The intensity map in the q1D-ω plane in 
154SmCrGeO5 at 7.8 K (d = 2.86 Å). The incident 
neutron energy is 91.6 meV.
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Neutron Brillouin Scattering Experiments on HRC

 On the High Resolution Chopper Spectrometer 
(HRC at BL12), the neutron Brillouin scattering 
(NBS) experiments became feasible by reducing 
the background noise at low angles down to φ = 
0.5° [1]. NBS is the most promising way to observe 
excitations in the forward direction from powders, 
polycrystals, or liquids. Owing to the kinematical 
constraints of neutron spectroscopy, incident neu-
tron energy (Ei) in sub-eV region with high resolu-
tion (ΔE/Ei) at low scattering angles (φ) is neces-
sary to measure scattering in the meV transferred 
energy (E) range near (000).
 First, an NBS experiment was performed to 
observe spin waves in a polycrystalline sample of 
a nearly-cubic perovskite, La0.8Sr0.2MnO3, (Curie 
temperature: TC = 316 K), whose magnetic proper-
ties are well elucidated [2,3]. Figure 1 shows the 
dispersion relation of spin waves in La0.8Sr0.2MnO3 
measured with Ei = 102 meV and ΔE = 2 meV. The 
observed dispersion relations at 6 and 245 K were 
well fitted to E = DQ2, where Q is the scattering vec-
tor. The D values obtained were 130 ± 13 and 88 ± 
2 meVÅ2 at 6 and 245 K, respectively. These values 
are in good agreement with the results (D = 131 and 
89 meVÅ2 at 14 and 250 K, respectively) obtained 
by the previous experiments using a single crystal 
[2,3]. Therefore, the feasibility of NBS experiments 
on the HRC was demonstrated [1].
 Next, spin waves in a polycrystalline ferromag-
net, SrRuO3 (TC = 165 K), were similarly measured. 
This material also has a nearly-cubic perovskite 
structure showing an anomalous Hall effect [4], but 
a large single crystal suitable for inelastic neutron 
scattering experiments has not yet been synthe-
sized. The measurement was performed at 7 K with 
Ei = 102 meV, and well-defined spin wave peaks 
were observed. As shown in Fig. 1, the dispersion 
relation of spin waves in SrRuO3 was well fitted to E 
= E0 + DQ2 with an apparent energy gap E0 [1].
 Nd2Fe14B is a well-known stong permanent mag-
net with TC = 580 K. At room temperature, all spins 

are aligned along the c*-axis. We measured the 
spin waves in a Nd2Fe14

11B polycrystalline sample 
at 300 K with Ei = 257 meV and ΔE = 5.7 meV. The 
spin wave peak positions were determined in Fig. 
2. The observed peak positions were on the disper-
sion curve along the c*-axis reported in the previous 
experiment [5].
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Figure 1.  Spin-wave dispersion curves for La0.8Sr0.2MnO3 
and SrRuO3 determined on the HRC. The solid 
lines are fitted curves. The dashed line is the 
upper boundary accessible with a conventional 
spectrometer.
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Figure 2.  Spin wave dispersion relation of Nd2Fe14
11B. The 

solid line is the dispersion curve along the c-axis 
determined using a single crystal sample [5].
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 Phononic excitations in a liquid D2O were mea-
sured at 300 K with Ei = 102 meV and ΔE = 2.0 
meV. The observed spectra were well fitted with a 
damped harmonic oscillator scattering function and 
the peak positions were determined, as shown in 
Fig. 3. The observed peak positions down to Q = 
0.02 Å-1 were well fitted to E = cQ with c = 21.4 ± 0.2 
meVÅ, which is equivalent to c = 3250 ± 30 m/s. The 
observed sound velocity c was in good agreement 
with that for the fast sound observed in the previ-
ous experiment with Ei = 80 meV and ΔE = 4.8 meV 
down to Q = 0.035 Å-1 [6].
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Figure 3.  Dispersion relation for phononic excitations, the 
fast sound, in D2O (closed circles). The open cir-
cles are previous results [6]. The solid line is a fit-
ted line.
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Reentrant-Type Metal–Nonmetal Transition in Pr1-xCexRu4P12

1. Introduction
 Rare-earth filled skutterudite compounds, which 
crystallize in bcc symmetry, exhibit various proper-
ties associated with hybridization between f and 
conduction electrons [1]. The metal–nonmetal tran-
sition at TM-I = 63 K of PrRu4P12 was extensively 
studied [2]. The nonmetallic phase below TM-I is 
characterized by the structural transition to sc sym-
metry with the wave vector q0 = (1, 0, 0) [3]. Neutron 
scattering studies revealed the q0 alignment of two 
inequivalent crystal-field (CF) level schemes of the 
Pr-ion 4f 2 state: a singlet at Pr1 and a triplet at Pr2 
at the lowest temperature [4, 5]. This phase transi-
tion was interpreted as CDW accompanied by the 
antiferro-type ordering of an f-electron totally sym-
metric multipole [6, 7]. It is notable that a reentrant-
type phase transition is induced by substituting Rh 
to Ru or Ce to Pr [8, 9]. The electrical resistivity in-
creases once at TM-I ~ 45 K, and decreases below 
approximately 10 K. The structural superlattice and 
the antiferro-type alignment of the CF schemes are 
expected to disappear. 
 In order to identify the electronic state, we mea-
sured the evolution of the CF scheme and the su-
perlattice on the reentrant-type metal–nonmetal 
transition of Pr1-xCexRu4P12, based on multi-probe 
use of neutron and synchrotron X-ray.

2. Experimental Procedure
 Samples were synthesized by the Sn-flux meth-
od. We measured the CF level schemes by using a 
high-resolution chopper neutron spectrometer HRC 
at BL12 in MLF J-PARC. High-resolution X-ray dif-
fraction was performed on a four-circle diffractome-
ter at BL-3A in the Photon Factory of KEK, Tsukuba.

3. Results
 Figure 1 shows inelastic neutron scattering (INS) 
spectra at 44 K for x = 0.05 and at 10 K for x = 0.15. 
The x = 0.05 system does not undergo the reentrant 
transition, and exhibits the similar CF schemes as 

PrRu4P12 at 44 K shown at the top of Fig. 1. It is 
notable that the spectra at 10 K for x = 0.15 is simi-
lar to those at 44 K for the less-Ce concentration. 
Thus, the ground state for Pr2 site is quasi four-fold 
degeneracy of the singlet (Γ1) and the triplet (Γ4

(2)). 
 Figure 2 shows the X-ray superlattice diffraction 
profile at Q = (1, 1, 1) for x = 0.15 at 9.1 K (red cir-
cles). This is considerably broader than the resolu-
tion (broken black line). The superlattice structure in 
the Ce-substituted system is characterized by short 
correlation length.

Figure 2.  X-ray superlattice reflection for x = 0.15 at 9.1 K (red 
circles). Broken line shows resolution. Abscissa is 
the reduced wave vector along the [1 -1 0] direction.

Figure 1.  INS spectra for x = 0.05 at 44 K and x = 0.15 for 10 
K, together with the CF scheme in the pure mate-
rial (top).
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4. Discussion
 The degeneracy of the CF ground state in the Ce-
substituted system is enhanced with a decrease in 
temperature, and gives rise to the strong fluctuation 
of 4f electrons in the antiferro-type ordered phase. 
The fluctuation produces a short-range superlat-
tice structure, which indicates that the nonmetallic 
ordered phase becomes unstable with decreasing 
temperature. The reentrant-type behavior may also 
be associated with carrier doping to the CDW state 
due to the atomic substitution.
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Spin Waves in the Ferromagnetic Phase of MnP

 An intermetallic compound, MnP, is ferromag-
netic below 292.6 K, and transforms into a proper 
screw spiral phase at 46.2 K. In the ferromagnetic 
phase, the easy axis of the magnetization is the 
c* axis and the hardest one is the a* axis. In the 
proper screw spiral phase, the spin rotates in the 
b*-c* plane with a propagation vector of 0.117a*. 
Early inelastic neutron scattering studies suggested 
that the proper screw spiral phase is caused by a 
delicate balance between exchange interactions [1], 
and also reported that the spin wave dispersion re-
lation in the ferromagnetic phase exhibits an unusu-
al q3 law along the a* axis, while the conventional q2 
law was observed along the b* and c* axes [2]. 
 It is essential to determine the spin dynamics in 
the entire Brillouin zone, in order to elucidate the mi-
croscopic origin of magnetism of MnP. As a first step 
in this study, we determined the spin wave disper-
sion relations in the ferromagnetic phase, by using 
HRC at J-PARC as well as LTAS, TOPAN, TAS-1 
at JRR-3M [3]. Figure 1 shows the observed peak 
positions of spin waves at 60 K.
 The Mn lattice in MnP deviates from a primitive 
orthorhombic lattice with displacement parameters 

u and v along the a and b axes, respectively, and 
therefore the unit cell includes four Mn sites. Since 
v is negligibly small, the Mn lattice can be approxi-
mately divided into two sub-lattices. We consider 
an isotropic Heisenberg interaction adding a single 
ion anisotropy for two sub-lattices. We took into ac-
count the exchange interactions between Mn pairs 
up to the 6th neighbors [3,4]. The observed peak 
positions of spin waves were well described by this 
model, as shown in Fig.1.
 By using the HRC, spin waves were observed 
in a wide energy momentum space near the zone 
boundary. In the calculation, the acoustic and opti-
cal modes are separated from each other along the 
a* axis. Along the b* axis, these two modes reso-
nate with each other at around k = 0.2 rlu (reciprocal 
lattice unit) and switch roles, but the two modes are 
not crossed. Observed spin wave peak positions 
are well explained by the two modes. In fact, two 
spin wave peaks were clearly observed at h = 0.5 
rlu on the TAS-1. As shown in Fig. 1 (c), the low 
energy part in the a* axis for the presently-improved 
dispersion relation obtained by the LTAS was also 
well fitted to the present model, where the calcu-

Figure 1.  Dispersion relation of spin waves in the ferromagnetic phase of MnP along the a* (a) and b* axes (b), with calculated 
curves, acoustic (solid line) and optical (dashed line) modes. The bars on the marks represent statistical errors along 
the scan directions. Low energy part along the a* axis (c), where the dotted line is a result of the previous study [2].
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lated dispersion curve along the a* axis shows a 
minimum at around h = 0.14 rlu. This complicated 
q dependence is caused by the displacement pa-
rameter u, in fact, the minimum disappeared for u 
= 0. The peak positions observed on the TOPAN, in 
which condition was almost identical to that for the 
previous study [2], showed the q3 dependence. The 
q3 dependence might be a resolution effect.
 In summary, we successfully observed spin 
waves in the ferromagnetic phase of MnP along the 
a* and b* axes in the entire Brillouin zone. The dis-
persion relations were well described by a simple 
model which consists of an isotropic Heisenberg 
interaction adding a single ion anisotropy with two 
sub-lattices. The low energy part for the a* axis 
was improved by high resolution experiments, and 
the anomalous dispersion relation was found to be 
caused by an atomic displacement from the primi-
tive lattice. The recent structural study suggested 

the existence of the Dzyaloshinsky-Moria interac-
tion [5]. Further investigations with inelastic neutron 
scattering experiments are required to solve such a 
problem.
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Dynamical Properties of Low-Dimensional Quantum 
Spin Systems

1. Introduction
 Quantum spin systems exhibit many interest-
ing phenomena due to the quantum fluctuations of 
spins. In particular, the interplay between the physi-
cal degrees of freedom in strongly correlated elec-
tron systems, particularly in quantum systems such 
as high-Tc superconductivity has attracted the con-
densed matter physics. 

2. TiOBr
 In a recent discovery of a new type of spin-Pei-
erls system TiOX (X: Cl, Br), the cooperation be-
tween lattice, spin and orbital plays a significant role 
to realize the one-dimensional (1D) quantum spin 
correlations [1]. It has been revealed in TiOX, show-
ing exotic structural and magnetic properties such 
as successive phase transitions, 1D nature associ-
ated with orbital ordering of Ti atoms and super-lat-
tice reflections being related to the Peierls instability 
[2]. In the 2D layered material, it is pointed out that 
as a result only from an arrangement of Ti dxy orbital, 
1D spin chains and the spin-Peierls transition will 
be formed. The orbital of dxy possibly orders along 
b direction through Ti-Ti direct coupling. It has been 
demonstrated that TiOBr also exhibits two succes-
sive phase transitions similar to TiOCl at Tc1 = 27 K 
and Tc2 = 47 K [3]. An ESR study has shown a possi-
bility of the formation of 1D chains along the b-axis, 
and a strong one-dimensionality with J = 660 K by 
direct-exchange and super-exchange interactions 
between Ti atoms due to an ordering of dxy orbital 
[2]. However, the direct evidence of spin-Peierls 
transition, namely, the observation of the spin gap 
excitations has not been reported yet. 
 In the previous report [4], the spin gap energy 
was expected to be in the energy range of 10-40 
meV. Since in this range energy is very contami-
nated by phonons, the data interpretation requires 
much more attention. Our typical inelastic result is 
shown in Fig. 1. Almost no signals are observed 
except for Al phonons and background. We also 

surveyed low energy range for low-lying branches 
with much better energy resolution. At the magnetic 
zone center Q = 0.9 Å, no magnetic signals were 
found. It is currentely unclear where the spin signals 
are.

3. Nd2BaNiO5

 Despite the three decades that have passed 
since Haldane’s prediction on a 1D Heisenberg 
chain with integer spin, much attention is still paid 
on its research [5]. The spin gap has originated from 
an energy separation between the singlet ground 
state and the triplet first excited state. Inorganic 
nickelate Y2BaNiO5 was found to be a good can-
didate for a Haldane system with a spin gap of 10 
meV [6]. In contrast, R2BaNiO5 (R: magnetic rare 
earths) has been known as a classical antiferro-
magnet (AF) showing 3D long range magnetic or-
dering at low temperature [7]. However, the inelastic 
neutron scattering experiments revealed the exis-
tence of spin gap [8]. 
 Another item of interest in the transition metal 
chain oxides is the doping of carriers, which yields 

Figure 1.  Powder avaraged S(Q,ω).
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phenomena ranging from strongly renormalized 
Fermi liquid behavior to high-temperature super-
conductivity. In view of the enhanced quantum fluc-
tuations in 1D systems, doping of transition metal 
chains could well lead to equally surprising discov-
eries. R2BaNiO5 is a charge transfer insulator and 
some amount of hole carriers are successfully intro-
duced primarily on oxygen sites by replacing a part 
of the off-chain Y3+ by Ca2+ [9]. Figure 2 shows the 
obtained dynamical structures S(Q,ω) at T = 7.8 K 
(well below TN = 38 K) and T = 50 K (above TN) are 
shown. Intense crystal field excitations of Nd3+ ions 
lie at E = 24 meV and 38 meV. The site symmetry of 
Nd3+ in Nd2BaNiO5 is sufficiently low to split the ten-
fold degenerate J = 9/2 multiplet into five Kramers 
doublets. Excellent dispersion relations for the Ni 
1D chain are observed at both temperatures. The 
minima of the dispersion observed at the magnetic 
zone center (MZC), H = 0.5, 1.5 and even 2.5, oc-
cur where magnetic scattering intensity gets weak 
because of the magnetic form factor and phonon 
scattering is dominant in this high-Q region. At low 
temperature, the magnon band width reaches 60 
meV with a somewhat large gap energy of Δ = 20 
meV. Also, a flat band lying at E = 65 meV corre-
sponding to a phonon or magnon optical branch 
was observed. At T = 50 K, the gap is closed and 
the spectral weight at the zone boundary is slightly 
shifted with respect to the MZC. The boundary en-
ergy is almost similar under both temperatures. The 

low incident energy experiments revealed that a 
weak excitation at the MZC (H = 0.5) has appeared 
as a result of a hole doping (not shown here). The 
marked changes are taking place at T = 5 K. The 1D 
chain dispersion with the Haldane gap almost com-
pletely disappears around the MZC. Still, weak sig-
nals remain at around 10 meV and below 10 meV. 
Also, a flat localized excitation newly appears at 4 
meV. In this mixed-spin system, the Haldane gap is 
known to rapidly increase in energy under the effec-
tive staggered magnetic field. The 3D magnetic cor-
relation of Ni2+ ions via rare earth (Nd3+) ions is well 
developed at a low temperature. Therefore, the gap 
is effectively diminishing. Completely flat dispersion 
is found in this experiment. This appears only below 
the 3D magnetic ordering temperature, and devel-
oped as a magnetization order parameter possibly 
related to the Nd spins.
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Temperature and Element Substitution Effects on Magnetic 
Excitations in the Triangular-Lattice Antiferromagnet CuCrO2

 A two-dimensional (2D) triangular-lattice anti-
ferromagnet (TLA) is a typical example of the geo-
metrically frustrated antiferromagnets, in which a 
novel spin state is expected to originate from com-
peting magnetic interactions and low dimensional-
ity. However, real materials have finite magnetic in-
teractions between triangular-lattice planes, which 
usually cause three-dimensional (3D) spin order-
ing at a low temperature. A reduction in the level of 
interplanar interaction is a key to realizing a novel 
spin state.
 The delafossite oxide CuCrO2 is one of the 2D 
TLAs. In this compound, S = 3/2 spins of Cr3+ (3d3) 
ions form a 2D triangular lattice. Cr layers are sepa-
rated from each other by Cu layers. Due to finite 
inter-layer couplings, the compound shows a 3D 
magnetic ordering below the magnetic ordering 
temperature TN. Recently, however, a study of mag-
netic specific heat (Cmag) in Cu1−xAgxCrO2 revealed 

that the low-energy magnetic excitations become 
more 2D as the substitution of a Cu+ ion (3d10) by a 
Ag+ ion (4d10) increases, and suggested the appear-
ance of some unconventional spin fluctuations [1].
 To elucidate the low-energy magnetic excita-
tions, we have performed inelastic neutron scatter-
ing measurements on powder samples of CuCrO2 
(TN = 24 K) and Cu0.85Ag0.15CrO2 (TN = 14 K). By close 
investigation of the temperature (T) dependence of 
the magnetic excitation spectra in CuCrO2 and the 
comparison of the two compounds, we found that 
both T and Ag doping change the characteristics 
of magnetic excitations and induce unconventional 
low-energy magnetic excitations [2].
 Figure 1 shows the Q-E (momentum transfer-
energy transfer) maps of the excitation spectra for 
CuCrO2 at 6 K and 25 K, and for Cu0.85Ag0.15CrO2 at 
5 K. CuCrO2 shows well defined magnetic excita-
tions at 6 K [Fig. 1(a)]. They consist of two kinds of 

Figure 1.  Excitation spectra for CuCrO2 at (a) 6 and (b) 25 K, and for Cu0.85Ag0.15CrO2 at (c) 5 K. The utilized incident energy (Ei) 
is 15 meV.
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components: one is a steep dispersive component 
at Q ~ 1.4 Å−1 ~ Qm, where Qm ~ (1/3,1/3,0) is the 
wave vector of the magnetic ordering. The other is a 
less dispersive component (flat component) at E ~ 5 
meV spreading over a wide Q range. They are con-
sistent with the spin wave excitations observed in a 
single crystal [3]. With increasing T to 25 K (~TN), 
the dispersive component becomes broad and in-
tense, while the flat component is more suppressed 
[Fig. 1(b)]. In contrast, Cu0.85Ag0.15CrO2 has almost 
no flat component at 5 K [Fig. 1(c)]. The dispersive 
component is clearly observed as CuCrO2, but it is 
diffusive compared with CuCrO2. Interestingly, the 
excitation spectrum of Cu0.85Ag0.15CrO2 at 5 K with 
these features resembles that of CuCrO2 at ~TN.
 Then, to characterize the similarity in the excita-
tion spectrum between the two compounds in de-
tail, we investigated the Q profiles of the low-energy 
excitation spectra. Figure 2 shows the Q profiles of 
the spectra at E = 1 meV for CuCrO2 at 6 K and 25 
K, and for Cu0.85Ag0.15CrO2 at 5 K. The spectrum of 
CuCrO2 at 6 K consists of a single skewed peak at 
Qm. However, that at 25 K has a diffuse component 
(the shaded area in Fig. 2) spreading over a wide 
range of Q in addition to the sharper peak at Qm. On 
the other hand, the spectrum of Cu0.85Ag0.15CrO2 also 
shows the diffuse component even at 5 K (the open 
circles in Fig. 2), which again proves the similarity in 
the magnetic excitation to CuCrO2 at ~TN. We ana-
lyzed the T dependence of the Q profile of CuCrO2 
(not shown), and found that the diffuse component 
is almost zero at the lowest T, but monotonically in-
creases as a function of T without any change at TN. 
The T dependence suggests that the origin of the 
diffuse component is different from the spin wave 
excitations.
 After comparing the results shown in Figs. 
1 and 2, we concluded that the ground state of 

Cu0.85Ag0.15CrO2 is very similar to that of CuCrO2 at T 
~ TN. The most distinct finding is the appearance of 
the diffuse component in the low-energy magnetic 
excitations when the two-dimensionality of the sys-
tem is enhanced either by element substitution or 
elevating temperature. It must be the origin of the 
2D unconventional low-energy magnetic excitations 
suggested by Cmag. The investigation of the micro-
scopic origin is under way. 
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Figure 2.  Constant-E cuts of the spectra of CuCrO2 (6 K and 
25 K) and Cu0.85Ag0.15CrO2 (5 K) at E = 1±0.2 meV. 
The utilized Ei is 4.7 meV. The solid lines indicate 
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lines) and a constant background (dashed lines).
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 Chirality is one of the most fundamental building 
blocks of nature, ranging from nano and biosciences 
to cosmic sciences. Therefore, it is very important 
to investigate the chirality in molecules, crystals and 
magnetic structures. Recently, the interplay between 
crystallographic and magnetic chiralities has been 
a focus of attention because the nature of a heli-
magnetic structure depends on the chiral crystalline 
structure that allows Dzyaloshinskii-Moriya (DM) in-
teraction [1, 2]. Kishine et al. theoretically proposed 
that the chiral helimagnetic compounds can exhibit 
a new giant magnetoresistance effect due to the 
formation of a chiral magnetic soliton lattice [3, 4]. 
Under an applied field perpendicular to the helical 
axis in Cr1/3NbS2, the chiral magnetic soliton lattice 
was observed by means of Lorentz microscopy [5].
 An intermetallic compound MnSi has B20 type 
chiral crystal structure with a cubic space group of 
P213, and is known as one of the unique examples of 
left-handed crystal structure formation, and the heli-
magnetic chirality follows the crystalline chirality [6, 
7]. This compound forms helimangetic ordering with 
the magnetic propagation vector kmag = (δ,δ,δ). Due 

to its cubic symmetry, it has several helimagnetic do-
mains along the [1,1,1] direction and its equivalent 
directions like the [1,1,-1]. With increasing amplitude 
of an applied magnetic field parallel to one of the he-
lical axis, the population of the helimagnetic domain 
parallel to the field increases, and that of the other 
helimagnetic domain declines. It finally forms only 
one helimagnetic domain [8]. A topological magnetic 
texture as skyrmion lattice appears in the single-do-
main helimagnetic phases just below TC [9]. We re-
port here that MnSi forms the chiral magnetic soliton 
lattice in the multi-domain phase.
 Polarized small angle neutron diffraction experi-
ments were performed at BL15 (TAIKAN) in MLF of 
J-PARC. The experimental condition was 3 K under 
an applied magnetic field along the [1,1,1] direction, 
which was parallel to one of the helical axes. The 
data was collected in the multi-domain helimag-
netic phase. A spin flipper reversed the incident 
up-spin neutrons along the [1,1,1] to the down-spin 
neutrons along the [-1,-1,-1]. As the neutron wave 
vector k0 was parallel to the [-1,1,0] direction, mag-
netic reflections along the [1,1,1] and [1,1,-1] can 

Chiral Magnetic Soliton Lattice in MnSi

Figure 1.  Reciprocal line profiles along (a) the [1,1,1] and (b) the [1,1,-1] directions.
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be observed at the detector. Figure 1 shows recip-
rocal line profiles described in Q-space along the 
[1,1,1] and [1,1,-1] direction. Both profiles observed 
helimagnetic satellite peaks indexed as (δ,δ,δ) and 
(δ,δ,-δ). The result indicates the coexistence of the 
helimagnetic domains with the helical axes along the 
[1,1,1] and [1,1,-1]. While there was no higher har-
monics along the [1,1,1], a magnetic peak indexed 
as (2δ,2δ,-2δ) was observed along the [1,1,-1]. By 
evaluating the difference in these magnetic peak 
intensities between the up- and down-spin incident 
neutrons, it was well described by the left-handed 
incommensurate magnetic structures. Therefore, 
the higher-order satellite peak at (2δ,2δ,-2δ) was 
due to the formation of the chiral soliton lattice.
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1. Introduction
 Soft matter has a hierarchical structure on the 
scale of angstroms up to macroscale. Additionally it 
is known that physical properties of soft matter are 
greatly influenced by water. Hydrogels are good ma-
terials to study the effect of water adsorption because 
they contain an abundance of water. In fact, most hy-
drogels, which have a 3-D polymer network, can ad-
sorb more than 90 wt% of water. Nevertheless, most 
hydrogels are composed of 90 wt% water, which 
means only 10 wt% of the polymer network governs 
its mechanical properties. Although there are a num-
ber of studies on water in hydrogels, there is little ex-
perimental study on water near the polymer network. 
 Double-network hydrogels (DN-gels) [1,2] are 
hydrophilic synthetic polymer gels that have high 
mechanical strength equivalent to cartilage. Several 
studies on polymer networks of DN-gels have been 
conducted using small-angle neutron scattering 
(SANS) [3,4,5] so far, however, it was not deter-
mined how water molecules are adsorbed into the 
polymer network. 
 In this study, we performed SANS measure-
ments to investigate the humidity dependence of 
the nanoscale structure of the freeze-dried DN-gels 
(DN-polymers) in order to clarify the mutual relation-
ship between a polymer network and water.

2. Experiments
 The DN-gels made by 2-acrylamide-2-methylpro-
panesulfonic acid sodium salt and acrylamide were 
freeze-dried (DN-polymers) [6]. The DN-polymers 
were placed in a dry state to remove light water. 
After the drying process, heavy water vapors were 
introduced into the system for more than an hour to 
generate certain relative humidity (RH). The SANS 
measurements were performed on TAIKAN (BL15).

3. Results
 The SANS profiles of the DN-polymers under 
various RH conditions are shown in Fig. 1. 

 The intensity below q = 2 × 10-2 Å-1 increases with 
increasing RH. The power law behavior is observed in 
this q-range with an exponent of approximately -3.1 
for all RH conditions. SANS intensities would originate 
from the nanoscale interfaces of polymer networks. 
 In order to clarify the effect of water adsorption 
on the SANS profiles, those measured between 
23% RH and 79% RH were divided by the profile 
measured at 0% RH as shown in Fig. 2. The scaled 
intensity increases with increasing RH below q ≈ 8 × 
10-2 Å-1. When the RH is less than 68%, the scaled 
intensity does not change above q = 8 × 10-2 Å-1, 
but when it is more than 68%, the scaled intensity 
decreases with increasing RH. 
 The adsorption behavior of water molecules in 
the polymer network of the DN-polymers could be 
interpreted as follows: There is no change in the 
polymer network structure larger than d (= 2π/q) 
= 200 Å. Below 79% RH, water molecules adsorb 
onto a larger polymer structure than a mesh size 
scale, which is greater than 80 Å, in the dry state 
of the DN-polymers. When the RH is 68%–79%, 

Adsorption of Water into DN-gels with Hierarchical Structure

Figure 1.  SANS profiles obtained from the DN-polymers 
under different humidity conditions. The RH is 0% 
(Black), 23% (Red), 40% (Orange), 68% (Green), 
and 79% (Blue).
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water molecules adsorb not only on the large poly-
mer structure but also on internal structures such as 
polymer segments that are smaller than the mesh 
size. We are currently analyzing the SANS results.
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 Dewetting of polymer thin film is a key issue 
in many industrial fields such as coatings, adhe-
sives, lubrications, and so on. For understanding 
the dewetting mechanism of such polymer films, 
the capillary wave and density fluctuations have 
received considerable attention because they play 
an important role in the dewetting process of the 
polymer thin films. In the case of two component 
films such as polymer blend, much attention is also 

paid to the phase separation between the polymers 
because of its important role that affects dewetting. 
In this study, we investigated the structural develop-
ment in the dewetting process of deuterated poly-
styrene (dPS) and poly (vinyl methyl ether) (PVME) 
thin films by complementary use of time-resolved 
specular and off-specular neutron reflectivity (NR), 
specular X-ray reflectivity (XR), light scattering (LS) 
and optical microscopy (OM) measurements [1].
 Figure 1 shows the time evolution of specular NR 
profiles during the dewetting process using SOFIA 
reflectometer in J-PARC/MLF [2-4]. In the early 
stage, the profiles can be explained with a 3-lay-
ers model, in which PVME-rich layers exist on top 
and bottom. According to XR measurement (data 
not shown), the roughness of the top surface, that 
is air/polymer interface, keeps constant before the 
dewetting. On the other hand, NR results indicate 
that the interfacial roughness between each poly-
mer layer gradually increases with time even before 
the dewetting. This implies that the phase separa-
tion between the polymers proceeds during the in-
cubation period and makes the interfaces rough. 
 Next, we observed the time evolution of in-plane 
structure by OM, LS, and off-specular NR measure-
ments. Figure 2 shows the obtained OM images and 

Dewetting Process of Deuterated Polystyrene and Poly 
(vinyl methyl ether) Blend Thin Films via Phase Separation

Figure 2.  Time evolution of optical microscope images and off-specular NR profiles during the dewetting process.

Figure 1.  Time evolution of specular NR profiles during the 
dewetting process.
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off-specular NR profiles. No structural change was 
observed before the dewetting by OM as XR mea-
surements; however, off-specular NR profiles show 
a characteristic peak not only after but also before 
the dewetting. This peak was observed by the LS 
measurements in the same Qy-position (data not 
shown) only after the dewetting. Therefore, we can 
conclude that composition fluctuations with microm-
eter scale in the in-plane direction occurred before 
the dewetting. This indicates that the phase separa-
tion of the polymer blend grew up with the annealing 

time, and the composition fluctuation caused by the 
phase separation induces the dewetting.
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1. Introduction
 Single crystal diffraction experiments require ro-
tation of a crystal in order to have access to arbitrary 
points in the reciprocal lattice space. A typical instru-
ment to fulfill this demand is a four-circle goniometer 
equipped with χ, ϕ and ω stages. In the usual low 
temperature setup, a whole cryostat is mounted onto 
the goniometer since a standard stepper motor does 
not work inside vacuum and at low temperature. This 
setup causes two difficulties. First, in order to rotate 
the sample, including the cryostat, a relatively large 
goniometer with high load capacity is required. The 
other one is that it is not possible to avoid the intense 
direct beam hitting radiation shields of the cryostat, 
which results in higher background. In order to over-
come these difficulties, we developed a goniometer 
that works inside the cryostat. This is achieved with 
the help of the recent technical development in piezo 
devices which enables us to make movements even 
at dilution temperature with small stages. We used 
the developed goniometer in the new single crystal 
time-of-flight neutron Laue diffractometer SENJU at 
BL18 of J-PARC[1]. 

2. Design of the goniometer
 The goniometer consists of two rotatable axes to 
cover the entire reciprocal space on SENJU. A pho-
to of the goniometer is shown in Fig. 1. The piezo-
based rotators used in this system were made by 
Attocube Systems AG (Germany). The ω stage is 
directly attached to the cold finger of the standard 
closed-circle refrigerator. The ϕ stage is mounted 
on the fixed-χ (45˚) arm. In order to adjust the sam-
ple position with respect to the beam center, the XY 
stage with the sample holder is installed on the top 
of the ϕ stage. Because of the poor thermal con-
ductivity of the piezo devices, additional heat paths 
are attached between the cold finger and the χ arm, 
and the χ arm and the sample holder. In order to ob-
tain accurate sample temperature, a thermometer is 
placed at the sample holder.

3. Results
 First, we checked the movement of the two rota-
tors at the base temperature of around 4 K. By opti-
mizing wiring of thermal anchors, we confirmed that 
both the ω and ϕ axes work fine at low temperature.
 In order to minimize the scattering from two radi-
ation shields made by aluminum with the thickness 
of 1.5 mm each, we made halls at the direct beam 
path (50 × 50 mm) in both shields. These halls are 
then covered by thin Al foils (6 μm in thickness) that 
is sufficient to reach base temperature of 2.5 K at 
the cold finger. This modification clearly helps to 
suppress the background from the radiation shield 
even without any collimator between the sample 
and the detector. As shown in Fig. 2, the scatter-
ing from the radiation shield is almost negligible as 
compared with the magnetic Bragg peaks of (3/2 1 
1/2) and (2 3/2 1/2) in TbCoGa5.
 The cooling performance of the 4 K cryostat 
was checked subsequently. Due to small torque of 
the piezo motor, stiff thermal anchors prevent the 
smooth rotation of the sample. By optimizing the 
size and wiring of the thermal anchors, we could 
improve the characteristics of cooling in both the 

Development of Piezo-Based Low Temperature 2-Axes 
Goniometer System 

Figure 1.  Photograph of piezo motor based goniometer sys-
tem for SENJU.

thermal anchor 

thermometer XY stage 

φ

ω



44 Research and Development Highlights

lowest temperature and the cooling time. In the 
present setup, the lowest temperature at the sam-
ple position reaches below 4 K within the 4.5 hours 
of cooling from room temperature. The accuracy of 
the sample temperature was confirmed by the tran-
sition temperature of several compounds including 
an antiferromagnetic order in EuGa4 at TN = 16 K[2]. 

Further improvements are still in progress. 
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Figure 2.  The intensity data of TbCoGa5 measured at 10 K. Figure 3.  Cooling curves of the 4 K cryostat of SENJU. 
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1. Introduction
 ITER is constructed in France under an interna-
tional collaboration with India, China, EU, Korea, 
Russia, USA and Japan to prove the viability of nu-
clear fusion as a power source. To confine and con-
trol the plasma, the ITER magnet system consists of 
a Central Solenoid (CS), 18 Toroidal Field (TF) coils 
and 6 Poroidal Field (PF) coils as shown in Figure 
1. The CS, which is 13.5 m in height and 4.1 m in 
diameter, generates and controls the plasma cur-
rent by varying the magnetic field as a maximum of 
13 T. JAEA has to responsibly procure all ITER CS 
conductors. The CS conductor is a cable-in-conduit 
conductor (CICC) composed of a superconducting 
cable consisting of 576 Nb3Sn strands and 288 cop-
per strands, a SS316L central spiral and a JK2LB 
stainless steel square jacket as shown in Figure 2. 
After the operation of 60,000 cycles, a current shar-
ing temperature (Tcs) of 5.2 K is required at the cur-
rents of 40 kA under the magnetic fields of 13 T. 
Several conductor samples were fabricated to eval-
uate the performance of the CS conductor and vali-
date its design concept. Two CS conductor samples 
named CSJA01 and CSJA02, consisting of a pair of 
conductor samples, were tested in the SULTAN test 
facility in Switzerland. As reported in [1, 2], gradual 
degradation was observed in the results for both 
CSJA01 and CSJA02, which was the same as that 
of many TF conductors as shown in Figure 3.
 Until now, the transverse electromagnetic loading 
has been considered a major cause of the Tcs deg-
radations of Nb3Sn CICCs due to the local bending 
at the high loading side (HLS) in the high field zone 
(HFZ). From the destructive investigation in the HFZ 
after SULTAN testing, the deflection of strands on the 
low transverse loading side (LLS) is larger than that 
for the HLS as shown in Figure 4. Since the bend-
ing pith is around 5 mm due to contacting of strands 
compacted by the electromagnetic transverse load-
ing in the HLS, there is a possibility of a large bend-
ing strain with small deflection of strands in the HLS.

Investigation of the Degradation Mechanism 
of ITER CS Conductor Sample using TAKUMI

Figure 1.  Schematics of ITER.

Figure 2.  Schematics of ITER CS conductor.
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 Neutrons, which have a large penetration depth, 
are a powerful tool to evaluate the internal strain 
of Nb3Sn in the CICC [3]. In order to evaluate the 
internal strain in ITER CS conductor samples non-
destructively and quantitatively, a neutron diffraction 
measurement using the engineering materials dif-
fractometer ‘TAKUMI’ (BL19) was carried out on the 
CSJA01 left leg at room temperature.

2. Neutron diffraction measurement [4]
 For neutron diffraction measurement using 
TAKUMI, the conductor sample of 3.6 m was arranged 
as shown in Figure 5. The neutron beam was focused 
using a pair of radial collimator to the gauge volume 
of 7 × 2 × 16 mm3 in the measured position of the 
conductor sample as shown in Figure 6. The sample 
conductor was turned over to measure whether the 
LLS and the HLS have the same path as the neutron 
beam. Figure 7 shows the diffraction profiles for the 
axial direction of Nb3Sn (211) at the LLS and the HLS 
of the field center and 1150 mm from the field center. 
The Nb3Sn filaments were taken from the same strand 
using a chemical process to compare the diffraction 
profile of the conductor sample. The diffraction peak 
shapes and positions at the HLS in the HFZ and the 
low field zone (LFZ) were similar, and the peaks were 
located at a lower level than that of Nb3Sn filaments. 
This peak shift is due to the difference in the ther-
mal contraction between copper/Nb3Sn filament and 
cable/jacket from the reaction temperature of Nb3Sn. 
However, the peak of the LLS in the HFZ shifted to a 
tensile direction and became broader, compared to 
the other peak. The bending strain with the relaxation 
of the compression strain in the Nb3Sn strand was ir-
reversibly remained by the SULTAN testing.
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3.  Discussion on the degradation mechanism 
and improvement

 From neutron diffraction measurement, the larg-
er bending strain was found at the LLS of the HFZ 
in the conductor sample. As a degradation mecha-
nism, strand buckling is considered as follow;
1)  The void at the LLS of the HFZ is generated by 

the transverse movement of the strands in the 
conductor sample,

2)  There is an axial compressive force induced by 
the difference in the thermal contraction from the 
reaction temperature of Nb3Sn,

3)  The buckling of the Nb3Sn strand is occurring via 
the axial compressive force because the support 
and the friction of the jacket and the cable on the 
strand are varied by the large void.

 As an improvement method of the conductor per-
formance on the strand buckling, the shorter twist-
ing pitch (STP) can be considered. The cable with 
the STP has withstood the strand buckling since the 
bending stiffness and rigidity are quite larger. Figure 8 
shows photographs of the cables with original twist-
ing pitch and STP [5]. The result of the SULTAN test-
ing of the conductor sample with STP was found to 
be very effective, and the performance degradation 
along the cyclic testing was almost negligible as 
shown in Figure 9.

4. Conclusion
 Neutron diffraction measurement on the ITER CS 
conductor sample was performed to investigate the 
degradation mechanism of the conductor sample. As 
a result of the neutron diffraction measurement, a large 
bending at the LLS of the HFZ was found. Therefore, 
it was concluded that the Tcs degraded position of the 
conductor sample due to the cyclic loading was the 
LLS of the HFZ. The large bending was considered to 
be a cause of the strand buckling due to the large void 
generated by the transverse electromagnetic load-
ing and the thermally induced residual compressive 
strain. By applying the STP on the cable to control the 
strand buckling, the problem of the performance deg-
radation along cyclic testing was solved.
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Neutron Diffraction Study on the Structure 
of Aqueous LiNO3 Solutions

1. Introduction
 Despite the long-time efforts to resolve it, there 
are still some serious problems in determining the 
hydration structure of Li+. The concentration depen-
dence of the hydration number of Li+ and the nearest 
neighbor Li+…O distance still seems uncertain [1,2]. 
Neutron diffraction with 6Li/7Li isotopic substitution 
method is considered the most reliable experimen-
tal technique to determine the values of rLiO and nLiO 
because the observed difference function involves 
partial structure factors relating Li-j atom pairs. 
 In the present report, we describe the results of 
neutron diffraction measurements on aqueous 1, 
5 and 10 mol% LiNO3 solutions in D2O. The solute 
concentration range was extended to 1 mol% LiNO3 
in order to investigate the hydration structure of Li+ 
in a more dilute aqueous solution.

2. Neutron Diffraction Measurements
 Neutron diffraction measurements were carried 
out at 25ºC using the NOVA spectrometer installed 
at BL21 of the MLF pulsed neutron source in the 
J-PARC. The incident proton beam power of the 
proton accelerator was 160 kW in measurements 
for 5 and 10 mol% *LiNO3 solutions, and 220 kW for 
1 mol% *LiNO3 solutions, respectively. 

3. Data Reduction
 The observed scattering intensities for the sam-
ple were corrected for instrumental background, ab-
sorption of sample and cell, multiple and incoherent 
scatterings. 
 The first-order difference function, ΔLi(Q) [3], is 
derived from the difference between the scatter-
ing cross sections observed for two solutions that 
are identical except for the scattering length of Li. 
The ΔLi(Q)2, normalized for a stoichiometric unit, 
(*LiNO3)x(D2O)1-x, can be written as a linear combi-
nation of partial structure factors, aLij(Q), involving 
contributions from the Li-j pair:

 ΔLi(Q) = A[aLiO(Q)-1] + B[aLiD(Q)-1]
   + C[aLiN(Q)-1] + D[aLiLi(Q)-1]. (1)

where, A = 2x(1+2x)(b6Li-b7Li)bO, B = 4x(1-x) (b6Li-b7Li)bD, 
C = 2x2(b6Li-b7Li)bN, and D = x2(b6Li 

2-b7Li
2). 

4. Results and Discussion
 The first order difference function, ΔLi(Q), ob-
served for 1, 5 and 10 mol% LiNO3 solutions is rep-
resented in Fig. 1. Structural parameters concern-
ing the hydration shell of Li+ were obtained through 
the least squares fitting procedure applying the fol-
lowing model function [4,5]:

 ΔLi
model(Q) = Σ2cLinLiαbα(b6Li - b7Li)

   × exp(-lLiα
2Q2/2)sin(QrLiα)/(QrLiα)

   +4πr(A+B+C+D)exp(-l0
2Q2/2)

   ×[Qr0cos(Qr0) - sin(Qr0)]Q
-3 + γ (3)

where, cLi and nLiα are the number of Li+ in the stoi-
chiometric unit and the coordination number of α 
atom around Li+, respectively. Parameters lLiα and 
rLiα denote the root-mean-square amplitude and in-
ternuclear distance of the Li+…α pair, respectively. 
The long-range parameter, r0, means the distance 
beyond which the continuous distribution of atoms 
around Li+ can be assumed. The parameter, l0, de-
scribes the sharpness of the boundary at r0. A con-
stant, γ, was introduced to adjust the center of the 
interference oscillation. Structural parameters nLiα, 
lLiα, rLiα, l0, r0 and γ are determined from the least 
squares fit to the observed ΔLi(Q). The fitting proce-
dure was performed in the range of 0.1 ≤ Q ≤ 20.0 
Å-1. The nearest neighbor Li+…OW distance and co-
ordination number determined for 10, 5 and 1 mol% 
LiNO3 solutions are 1.97(1) Å and 4.1(1), 1.96(1) Å 
and 5.2(1), and 2.00(2) Å and 6.0(2), respectively. 
These results clearly indicate that the concentration 
dependence of the hydration number of Li+ is actu-
ally present.
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1. Introduction
 LiMn2O4 has a cubic spinel structure with space 
group of Fd3-m at room temperature. The Mn atom is 
surrounded by six O atoms and they form a MnO6 oc-
tahedron. All Li, Mn and O atoms are crystallographi-
cally equivalent. At about 260 K, the compound ex-
hibits a structural phase transition to an orthorhombic 
structure with space group of Fddd accompanied with 
the charge ordering transition [1]. However, even in 
the cubic phase, the temperature dependence of the 
electrical resistivity is not metallic although the me-
tallic conductivity can be expected from the simple 
band picture since the Mn ion has a valence of +3.5 
[2]. It suggests that in the cubic phase, the valence 
electrons are localized at the Mn site like a glass due 
to their Coulomb repulsion and the arrangement of 
localized electrons does not have a long range order-
ing, resulting in non-metallic electrical conductivity. 
 We have performed the powder neutron diffraction 
measurement on 7Li-enriched LiMn2O4 at the neutron 
total scattering spectrometer NOVA (BL-21) installed 
at the Materials and Life Science Facility (MLF) in 

J-PARC. In order to observe the local lattice distor-
tion induced by the short range charge ordering in the 
cubic phase, we performed local structural analysis 
by using the atomic pair distribution function (PDF) 
derived from the powder neutron diffraction data.

2. Results and Discussion
 The PDF obtained at room temperature where the 
averaged structure is the cubic structure with space 
group of Fd3-m, is shown in Fig. 1 by open circles. 
The fitting result by using the cubic structure model is 
shown by a blue line. The fitting line does not repro-
duce the shapes of the first negative peak at about 
1.9 Å and the positive peaks around 2.8 Å. The first 
negative peak and the second positive peaks mainly 
consist of Mn-O and O-O atomic correlations, respec-
tively. Although the cubic phase contains single Mn-O 
bond and three kinds of O-O bonds, the calculated 
PDF cannot reproduce the observed PDF, suggest-
ing the existence of local lattice distortion with lower 
symmetry than the cubic structure. Furthermore, the 
weighted R factor, Rwp, obtained by fitting the data in 

Local Lattice Distortion Caused 
by Short Range Charge Ordering in LiMn2O4

Figure 1.  Atomic pair distribution function (PDF) of 7LiMn2O4 obtained at room temperature (open circle). The blue and red lines 
show the fittings for cubic and orthorhombic structures with space groups of Fd3-m and Fddd, respectively. The lines at 
the lower position show the differences between observed data and fitting results.
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the region of 1.4 < r <10 Å is 15.4%, indicates that the 
fitting is not satisfactory. 
 Then we used the orthorhombic structure with 
space group of Fddd corresponding with the crystal 
structure in the charge ordered phase. The fitting 
result by using the orthorhombic structure model 
is shown in the figure by a red line. In this struc-
ture, five and nine inequivalent Mn and O atoms are 
contained in the unit cell, respectively. Because the 
atomic distances of 27 kinds of Mn-O bonds distrib-
ute from about 1.82 to 2.23 Å, the shape of the first 
negative peak can be reproduced. At the same time, 
the calculated O-O correlation peak can also repro-
duce the complicated peak structure around 2.8 Å. 
As a result, the fitting is improved and the Rwp value 
is 6.94%, much smaller than the Rwp obtained from 
the cubic structure. The Mn-O distances averaged 

in the MnO6 octahedra, which are determined by the 
present fitting, correspond with the distances deter-
mined by the Rietveld analysis of the orthorhombic 
phase (charge ordered phase). These results indi-
cate that in the cubic phase, although the valence 
electrons are localized at a Mn site similar to the 
charge ordered state, the arrangement of the local-
ized electrons has only a short range periodicity.
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2D Neutron Diffraction Imaging on an Ammonite

1. Introduction
 Neutron radiography is a popular method to ob-
serve a material structure by neutron transmission 
contrast [1]. Neutron phase imaging can be a very 
sensitive method due to the refractive index con-
trast of a material [2,3]. Polarized neutron imaging 
enables us to observe the distribution of magnetic 
flux or magnetization of a material [4]. Neutron dif-
fraction measurement is also a very powerful tool to 
observe crystal structure, lattice strain, phase ratio 
in a mixed sample, and so on. Its imaging can be a 
powerful tool to observe crystal structure distribution 
in a material. Energy-dispersive Bragg-edge imag-
ing is one of the neutron diffraction imaging meth-
ods [1]. Another one is the simple neutron diffraction 
imaging. As for x-ray diffraction imaging, heteroge-
neous materials were studied in a voxel size of 2.3 × 
2.3 × 1.6 μm3 [5]. This small volume is achieved due 
to high intensity x-ray beam at synchrotron radiation 
facility (ESRF). Compared to the synchrotron x-ray 
beam, the neutron beam is still much weaker, but 
it has high transmission capability. In addition, the 
diffraction intensity of the highest intensity total dif-
fractometer NOVA (BL-21) at the Materials and Life 
Science Facility (MLF) in J-PARC increases year by 
year [6]. We checked the feasibility of the 2-dimen-

sional (2D) diffraction imaging at NOVA by measur-
ing an ammonite.

2. Results and Discussion
 A measured ammonite, which originated from 
China, is shown in Fig. 1(a). Figure 1(b) shows a 
calcite (1 0 4) peak image of the ammonite, which 
shows small air chambers divided by several yellow 
septa in the spiral shell. The white suture lines in 
Fig. 1(a) seem to correspond to the septa, which 
are weakly convex toward the inner shell side. This 
type of convex feature is observed as a relatively 
rare case for the ammonites [7]. The light blue di-
agonal line in the left upper part of the shell can 
be attributed to an adhesive mark, suggesting that 
broken pieces from one fossil were bonded by ad-
hesive glue.
 Figure 1(c) shows a siderite (1 1 3) peak im-
age of the ammonite. The bright greenish region is 
limited to the last outer whorls. In addition, it has 
a uniform distribution without any septa. This part 
corresponds to a grayish part in Fig. 1(a). No air 
chamber in this part suggests that it is a body cham-
ber, where the molluscous part of ammonite may 
remain. Therefore, the original molluscous part may 
consist of Mg and Fe rich chemical composition.

Figure 1.  (a) Measured ammonite. (b) Calcite image in the d-range from 3.00 to 3.10 Å. (c) Siderite image in the d-range from 
2.10 to 2.20 Å. Intensity color bar is a common for both (b) and (c).
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3. Conclusion
 In our study, the 2D neutron diffraction imaging 
of an ammonite revealed rich structural information 
about the fossil. This neutron diffraction imaging 
method extends the research possibilities on various 
materials such as fossils from structural point of view.
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New Electronics Board for GEM Detector System (nGEM)

 In preparation for the increment of the J-PARC 
beam power, we have developed a new electronics 
board for a Gas Electron Multiplier (GEM) [1] detec-
tor system (nGEM). The outline view of nGEM is 
shown in figure 1. 
 nGEM is a two-dimensional neutron detector, 
based on a GEM, which has a high counting ca-
pability, and is also an upgraded system of an ex-
isting neutron beam monitor [2] at NOVA. nGEM’s 
thermal neutron efficiency varies from 0.1% to 1% 
and is realized by exchanging an enriched-boron 
deposited aluminum cathode. nGEM has a compact 
body, including the electronics, and is able to trans-
fer data directly to a PC via a network. Time-slice 
measurement is possible by using the T0 informa-
tion from GATENET [3]. Compared to the existing 
neutron beam monitor’s detector performance, the 
data transfer capability of nGEM is 10 times larger 
than that of the existing system. Since the repeti-
tion of the electronics was changed from 100 MHz 
to 200 MHz, the recorded minimum time step was 
reduced from 10 ns to 5 ns. Since we have refined 
the algorithm of the event selection in the onboard 
electronics, we expect to improve the high counting 
capability and the position resolution. The hit infor-

mation, such as Time Of Flight (TOF), hit position 
and pulse width, is included in the data format of 
nGEM. The system information, such as the amount 
of data loss, is also included in the data format. A 
detailed analysis and monitoring of the system are 
possible by using those data. The basic character-
istics of nGEM are summarized in table 1.
 The neutron irradiation test was performed in 
May 2013 at the NOVA beam line. The nGEM was 
set up at the back of the NOVA vacuum chamber. 
The distance from the surface of the moderator to 
the detector was approximately 19 m. The proton 
beam power of J-PARC was typically 300 kW. In this 
test, TOF distributions and two-dimensional images 
were measured, and the plateau characteristics were 
evaluated. The TOF distribution has a shape similar 
to that of the existing neutron beam monitor. Two-

Figure 1.  The outline view of nGEM.

Neutron efficiency 0.1%~1% for 1.8 Å
Data taking rate  Over 1 MHz

Position resolution ~0.85 mm(FWHM)
Operation voltage 2600 V

Sensitive area 100 mm × 100 mm
Detector size 524 mm × 254 mm × 50 mm

Table 1.  The basic characteristics of nGEM.
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dimensional images in the case when sintered bo-
ron carbide blocks were set in front of the nGEM are 
shown in figure 2. The image obtained with the past 
event selection algorithm is shown in figure 2 (a), and 
the image obtained with the new event selection al-
gorithm is shown in figure 2 (b). Since the new event 
selection algorithm is able to pick up a channel close 
to a neutron reaction position, the sharply-defined 
image is obtainable. The position resolution is evalu-
ated by the edge analysis, and the full width at half 
maximum (FWHM) is estimated at approximately 
0.85 mm. Therefore, nGEM has approximately 30% 
smaller position resolution than that of the existing 
neutron beam monitor. The plateau has appeared at 
input voltage from 2600 V to 2750 V, and the counting 
rate on the plateau was 1057.1±6.9 evnets/collision; 
where the counting rate was defined as a number of 
events per one collision of a proton beam with neu-
tron target. The stable operation of nGEM is realized 

by setting the operation condition onto the plateau. 
Even though we confirmed that the data taking rate 
reached over 1 MHz in an offline test, we will veri-
fy the possibility of counting loss under the intense 
neutron environment of J-PARC. At this stage, four 
nGEMs have been prepared as an incident neutron 
beam monitor and a transmitted neutron beam moni-
tor. We will install the nGEMs into NOVA and SPICA 
in the next spring.
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Diffusive Behavior of Garnet-type Compounds

 A garnet-type oxide, Li5+xLa3ZrxNb2-xO12 with x 
= 0-2 (LLZONb) (Fig. 1), has been investigated as 
a solid electrolyte for an all solid-state Li-ion bat-
tery due to its high Li ion conductivity (σLi) [1, 2]. 
Interestingly, σLi was found to depend on x and reach 
a maximum at x = 1.75 at ambient temperature (T ), 
for reasons currently unknown [3, 4]. However, con-
sidering the parameters to determine σLi, we could 
line up the following two candidates; namely, a dif-
fusion coefficient of Li+ (DLi) and the number density 
of mobile Li+ (nLi). Unfortunately, it is difficult to mea-
sure nLi directly, while there are three microscopic 
techniques to measure intrinsic DLi in solids [5, 6, 7], 
that is, a Li-NMR, quasielastic neutron scattering 
(QENS), and μ+SR technique. Here, we report the 
result obtained by μ+SR and compare it with that 
obtained by QENS [8, 9].
 The μSR spectra obtained in zero field (ZF) were 
well fitted by a combination of a dynamic Gaussian 
Kubo-Toyabe (KT) function due to a fluctuating nu-
clear magnetic field and time-independent offset. 
Figure 2 shows the T dependencies of Δ and ν for 
the samples with x = 0, 1, 1.75, and 2. The Δ(T) curve 
for each sample exhibits a steplike decrease around 
300 K with a wide transition width (ΔT ∼ 150 K). At 
the same T range, ν increases with T and reaches a 

maximum around 350 K. These behaviors are rea-
sonably explained by motional narrowing due to Li 
diffusion, as in the case for Li5+xLa3HfxTa2-xO12 ob-
served by Li-NMR above 260 K [10]. However, at 
T above 350 K, the μ+SR spectra showed a simple 
exponential relaxation, because ν >> Δ, indicating 
that Li+ ions diffuse too fast to be visible by μ+SR.
 If we assume a thermal activation process for 
Li diffusion, we could estimate the activation en-
ergy (Ea) in LLZONb from the ν(T ) curve. Figure 3 
shows the x dependence of Ea estimated by μ+SR 
(Ea

μSR) and QENS [9] together with that determined 
by AC impedance measurements (Ea

AC) [3]. It has 
been found that Ea

μSR is comparable to Ea
QENS, as 

expected, but both values are almost a half of Ea
AC. 

A very similar discrepancy between Ea obtained by 

Figure 1.  The crystal structure of garnet-type Li5+xLa3ZrxNb2-xO12. 
There are two Li-sites, namely, 24d and 96h, in the 
lattice.
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NMR and AC impedance is also reported for several 
materials [5]. This suggests that the overall diffu-
sion of Li+ is not determined by an intrinsic nature of 
LLZONb but by other factors, such as, grain bound-
aries, impurities, and defects. In other words, Ea

AC 
would be reduced by improving the sample prepa-
ration process.
 The field fluctuation rate (ν) is thought to cor-
respond to the jump rate of Li+ ions between the 
neighboring sites, as in the case for LixCoO2 [6]. 
A self-diffusion coefficient of Li+ (DLi) is, therefore, 
given by 

(1)

where Ni is the number of Li sites in the i-th path, Zv,i 
is the vacancy fraction, si is jump distance, and ν is 
the field fluctuation rate obtained by μ+SR measure-
ments. Structural analyses using a neutron diffrac-
tion technique suggest that n = 3, namely, from the 
24d site to the neighboring four 96h sites, from the 
96h site to the neighboring four 24d sites, and from 
the 96h site to the neighboring four 96h sites (see 
Fig. 1) [9]. Using these structural data, we can clari-
fy the relationship between DLi and x [see Fig. 4(a)]. 
Interestingly, DLi is found to be almost independent 

of x, particularly x ≥ 1.
 Back to a Nernst-Einstein equation, σLi is con-
nected with DLi as;

(2)

where R is the gas constant, F is the Faraday’s 
constant, z is ionic valence, and nLi is the density 
of mobile Li+ ions. Since LLZONb is an insulator in 
the whole x range prepared, we naturally assumed 
that only Li+ is responsible for charge transport. 
Moreover, we introduced a number of mobile Li+ per 
unit cell, CLi

eff [≡
nLi

a3(5+x) ], where a is the lattice constant 
of LLZONb. Figure 4(b) shows CLi

eff as a function of x. 
The CLi

eff(x) curve is the same to the σLi curve, since 
DLi is almost constant in this x range. Therefore, it 
has been clarified that σLi is mainly governed by 
the number of mobile Li+ rather than DLi. Also, it has 
been found that, even for LLZONb with x = 1.75 that 
exhibits the highest σLi, the percentage of the mobile 
Li+ is only 15% among the whole Li in the lattice. 
This leads to the question about the origin of the mo-
bile Li+ ions. In order to respond to that question, we 
need to further clarify the relationship between CLi

eff 
and x for other garnet systems.

DLi = ∑ 1 Zv,isi
2ν,Nii = 1

n

Figure 3.  The relationship between the thermal activation 
energy (Ea) and x for LLZONb. Triangles and 
squares represent Ea estimated by μ+SR and 
QENS [9]. Circles represent Ea determined by AC 
impedance measurements [3].
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 An elemental composition analysis method uti-
lizing muonic X-ray has several unique advantages 
compared with other analytical techniques. One of 
its most remarkable features is the ability to conduct 
non-destructive elemental analysis of the interior of 
a sample. The high energy of the muonic X-rays en-
ables quantification of the amount of the elements 
embedded deeply in a sample where the ordinary 
X-ray fluorescence analysis and electron microprobe 
analysis are not applicable due to the attenuation by 
self-absorption of the electronic X-rays in the sample. 
Tuning the incident negative muon energy, the muon-
stopping depth is controllable as far as a few centime-
ters from the sample surface to give the information 
at the stopping site. This fiscal year, while developing 
the muonic X-ray analysis method [1-3], we carried 
out an analysis of a Japanese gold coin. The coin is 
known to have been made of an alloy of 57% gold 
and 43% silver in weight. As a result of the special 
chemical technique called ‘Iroage’, within the thin 
layer within a few μm from the surface, we concluded 
that its gold content is significantly higher than that in 
the inside, reaching as high as 95% at the surface. 
Our previous studies, which showed that the Au con-
tents were 74% and 56% at 1.6 μm and 14 μm from 
the surface, agreed quite well with the result obtained 
by the Auger spectroscopy combined with ion sputter-
ing. One of the objectives of the project this year was 
to obtain and refine the depth profile of gold-to-silver 
ratio (Au/Ag) between 2 to 5 μm from the surface.
 At the D2 area of the MUSE facility, two HP Ge 
detectors were employed to measure the muonic 
X-rays from the gold coin. The gold coin was placed 
in an aluminum vacuum chamber when the incident 
muon energy as low as being significantly scattered 
by the air and inducing unnecessary muonic X-ray 
signals arising from oxygen and nitrogen. The coin 
faced the muon beam and the detectors at an angle 
of 45°. The detectors were shielded with lead blocks 
in order to prevent the background radiations from the 
beam duct. The detector heads and the surface of the 

lead blocks facing the detectors were also covered 
with 1-mm thick Sn metal sheet to absorb the Pb elec-
tronic X-rays emitted from the lead blocks entering 
the detectors to cause significant background noise 
overlapping the muonic X-ray peaks in the energy re-
gion of interest. The signal processing system was 
coordinated with the pulsed muon beam at the MUSE 
to minimize the continuum background in the energy 
spectrum. By varying the incident muon energy from 
7.5, 8.0 and 10.2 MeV/c muonic X-rays from the coin 
were measured. Three Au-Ag alloy samples of 30 
mmφ containing 50%, 60% and 80% Au in weight 
were also measured as reference standards.
 Muonic X-ray signals detected within 1.5 μs from 
the muon pulse arrival were analyzed. The detection 
efficiency of the HP detectors was estimated from an 
EGS5 calculation. Figure 1 shows the muonic X-ray 
intensity ratio changes with the muon stopping depth 
in the coin. Au(5-4) denotes the muonic X-ray emitted 
during the negative muon transition from the orbital of 
principal quantum number 5 to the one of 4. At this 
stage the depth is assumed to be equal to the stop-
ping range in pure Au estimated by the PHITS code. 
The middle three points at 2.1, 2.5 and 4.6 μm are the 
result of the present experiment. The Au/Ag profile re-
sembles closely the one obtained by the Auger spec-
troscopy. The coin has a high Au content only within a 
few μm from the surface. The surface shows the high-
est Au content and the bulk body of the coin deeper 

Development of a Non-destructive and Multi-elemental 
Analysis System by Muonic X-ray
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Figure 1.  Muonic Au and Ag X-ray intensity ratio change with 
the muon stopping depth from the coin surface.
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than 3 μm has a uniform chemical composition.
 Our previous coin spectra have had peaks not as-
signed by muonic X-rays. A detailed analysis has re-
vealed that these peaks originate from excited nuclei 
produced by muonic capture reactions. After tran-
sitions from the muonic atom orbitals of initial high 
principal quantum number to muonic 1s state, the 
negative muon stays in the 1s state. The proximity of 
the nucleus to the 1s orbital induces a negative muon 
capture by the nucleus similar to the electron cap-
ture decay process in neutron deficient unstable iso-
topes. The process competes with the muon natural 
decay. The average radius of the muonic 1s orbital 
shrinks with the change of the number of protons in 
the nucleus and the muon capture by nucleus is more 
likely to occur in the muonic atoms with more protons 
(high Z nuclei). The negative muon capture reaction 
leads to a highly excited nuclear state while emitting 
a muon neutrino. The highly energetic nucleus de-
excites by emitting one or a few neutrons and γ-rays. 
One neutron emission reaction is the most probable 
de-excitation path [4]. The γ-rays emitted from the 
nucleus are available for nucleus-specific analysis.
 Figure 2 exhibits the comparison of the two mu-
onic X-ray and γ-ray spectra in the energy range from 
290 keV to 450 keV of the coin for two initial muonic 
momenta, 6.4 MeV/c and 15.2 MeV/c. The two mo-
menta correspond to the analysis depth of 2.2 μm 
and 14.6 μm from the coin surface, respectively. The 
two spectra are normalized and the μAg(4-3) X-ray 
peaks at 306 keV from muonic Ag have the same 
peak height. Other peaks are considered to originate 
from muonic Au and 196Pt and 108Pd. 196Pt is a stable 
isotope produced via the 197Au(μ-,n)196Pt reaction. 
Five γ-rays from the excited 196Pt nucleus (denoted 
as 196Pt*) are observed in the spectrum. Since Au 
has only one stable isotope 197Au, the formation of 
196Pt by one neutron emission from the muonic Au 
is the most probable process as the fate of muonic 
Au. Natural Ag consists of 107Ag (51.8%) and 109Ag 
(48.2%). The 434 keV peak is assigned to a γ-ray 

from 108Pd formed via the 109Ag(μ-,n)108Pd reaction. 
The peak intensities of the 434 keV γ-ray are the 
same for both spectra because the peak originates 
from Ag and we normalized the spectra for the other 
muonic Ag X-ray peak at 306 keV. The other five γ-
ray peaks and one muonic Au X-ray peak μAu(5-4), 
seen in Fig. 2, have higher intensities for the 6.4 keV 
spectrum results from the higher Au content near the 
coin surface. The intensity ratio of the 355 keV γ-ray 
from 196Pt to the 434 keV γ-ray from 108Pd showed 
similar change with the muon stopping depth as the 
muonic X-ray ratio. The measurements of γ-rays from 
excited nucleus after negative muon capture were 
studied extensively in the nuclear physics area, but 
the applicability to elemental analysis has not been 
examined thoroughly. Utilizing γ-ray would be prom-
ising not only for chemical composition analysis but 
also for isotope specific abundance determination of 
bulk materials without destruction.
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 In the history of the research of high-Tc super-
conductivity, enormous efforts have been paid to 
the establishment of the phase diagram both of 
hole-doped and electron-doped cuprates. Formerly, 
Matsumoto et al. have reported that, through the 
appropriate reduction of excess oxygen from as-
grown thin films of the electron-doped cuprate of 
Nd2-xCexCuO4, superconductivity appears even in 
a parent compound of x = 0 and in a wide range 
of x, resulting in a completely different phase dia-
gram from that formerly suggested [1]. If this is the 
case, the superconductivity in the electron-doped 
cuprates cannot be understood in terms of doping 
of carriers into Mott insulators as in the case of the 
hole-doped cuprates.
 Very recently, we have grown high-quality sin-
gle crystals of electron-doped Pr1.3-xLa0.7CexCuO4+δ 
(PLCCO) in the underdoped regime of x = 0.10 
[2]. Through the improved reduction annealing, we 
have succeeded in obtaining superconducting (SC) 
crystals of x = 0.10 which was believed to be non-
SC [3]. From measurements of the ab-plane electri-

cal resistivity in magnetic fields and c-axis resistiv-
ity in zero field, it has been found that, through the 
reduction annealing, the strongly localized state of 
carriers accompanied by the pseudogap due to the 
antiferromagnetic (AF) fluctuations in an as-grown 
non-SC crystal changes to a Kondo state without 
pseudogap in a SC crystal. These results can be 
understood in terms of a simple band model includ-
ing the strong correlation of electrons [2].
 In the magnetic point of view, on the other hand, 
it has not yet been clarified whether or not the AF 
spin fluctuations survive even in a SC crystal. From 
zero-field (ZF) μSR, we have formerly found pos-
sible slowing down of the Cu-spin fluctuations at low 
temperatures in SC polycrystals of Pr1-xLaCexCuO4 
with x = 0.14 [4], although this is not so clear due 
to the presence of Pr3+ moments [5]. Therefore, we 
have performed ZF-μSR measurements using high-
quality underdoped single crystals of PLCCO with x 
= 0.10 at J-PARC MUSE in February, 2013, in order 
to investigate the magnetic states depending on the 
amount of excess oxygen δ.

μSR Study of Different Magnetic States in Electron-Doped 
Pr1.3-xLa0.7CexCuO4+δ (x = 0.10) Single Crystals Depending on the δ Value

Figure 1.  Zero-field μSR spectra of the 800oC-reduced SC single crystals of Pr1.3-xLa0.7CexCuO4+δ with x = 0.10.
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 For as-grown crystals, the muon-spin preces-
sion was observed around 3 K due to the formation 
of a long-range AF order. Figure 1 shows ZF-μSR 
spectra of the 800oC-reduced SC crystals with Tc 
~ 27 K. It is found that, while the spectrum shows 
Gaussian-like depolarization due to randomly ori-
ented nuclear spins at 200 K, the depolarization of 
muon spins becomes fast gradually with decreasing 
temperature below 200 K. At 3 K, the spectrum con-
sists of fast depolarization below ~ 1 μs, slow depo-
larization between ~ 1 μs and ~ 4 μs and almost flat 
spectrum above ~ 4 μs. This peculiar behavior of 
the spectrum at 3 K suggests the coexistence of a 
slowly fluctuating region of Cu spins and a region of 
a short-range magnetic order in a crystal. Therefore, 

it is concluded that there exist the AF spin fluctua-
tions even in the SC crystals of x = 0.10, which is 
consistent with our simple band model including the 
strong correlation of electrons [2].
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Beam Commissioning in MLF for High Power Operation 
for JSNS and MUSE

 Last year, the beam power increased to 200 kW 
by watching precious beam status after the earth-
quake. After installation of the helium bubbler in 
the mercury target, a high power beam operation 
matching a target replacing schedule is available. 
With the increase of the beam power, the proton 
beam should be carefully tuned because the high 
power beam can cause serious damage to the 
beam components such as the magnet and the 
vacuum chamber. 
 In the MLF, the cascade target scheme is cho-
sen for the muon and neutron production in a way 
that requires a careful tuning between the targets. 
During the summer of 2011, relatively high radio-
activity was observed in the beam monitor located 
at the downstream of the muon production target. 
The radiation dose at the beam profile monitor of 
M23 was at a level of 15 mSv/h as shown in Fig. 1, 
which was ~10 times larger than the calculated de-
sign value. Around the M23, quadrupole and stir-
ring magnets are located, whose coils are made of 
a low radiation hardening materials such as poly-
imide insulator. It is important to control the beam 
loss around the M23 monitor.
 In order to understand the reason for the activa-
tion, an additional beam loss monitor of the plas-

tic scintillator was placed above the M23 monitor. 
The result from the beam loss monitor showed that 
the high activation at the M23 was produced by the 
beam loss due to interaction at the muon produc-
tion target. By changing the beam size at the muon 
target, we observed that the beam loss quantity 
increased as decreasing of the beam size at the 
muon target. 
 Because of the muon target maintenance sce-
nario, the muon production target was required to 
be used till the summer of 2013. In order to reduce 
the damage to the target, the beam size was nor-
mally expanded at the target. However, when the 
beam size expands at the muon target, the quantity 
of the beam loss increases between the muon and 
neutron targets. We developed a new technique to 
satisfy both requirements for the reduction of the 
damage and the beam loss. At the muon target, the 
beam orbit was bumped as shown in Fig. 2. The 
beam was conserved at a narrow width so that the 
beam loss could be kept smaller. Because of the 
bump, the quantity of the beam loss did not increase 
drastically. By the periodical rotation of the beam 
bump position at the muon target shown in Fig. 3, 
the damage on the muon target can be decreased. 
The present technique is called EXILE, which is a 

Figure 1.  High radiation dose observed at the beam profile 
monitor of M23.

Figure 2.  Beam position observed monitors along the beam 
transport line. Beam bump orbit was made at the 
muon production target.
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famous dance group, because the scheme is simi-
lar to their famous spiral sequence dance. Because 
of the EXILE, the muon target can stand up for the 
0.3 MW beam operation till the summer of 2013 as 
scheduled.
 For the demonstration of the accelerator perfor-
mance, we succeeded to deliver a high power beam 
such as 0.5 MW to the spallation neutron source. 
The intensity of the proton beam was 20 kJ/pulse, 
which exceeds the intensity in SNS at ORNL. 
 For a steady beam operation, an automatic beam 
collection system was developed in the beam trans-
port system. Due to the leakage of the magnetic field 
of the solenoid magnet at a new muon beam line of 
the H line, whose current is often changed for muon 

users, the beam position at the neutron target was 
changed in the vertical direction as shown in Fig. 4. 
We developed an automatically controlled beam po-
sition compensation system based on the EPICS. 
By watching the current of the solenoid magnet, the 
angle of the vertical steering magnet was corrected. 
Due to the present system, the beam position at the 
mercury target became more stable.
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Figure 4.  Dependence of the current of the solenoid magnet 
at H line on the vertical beam position at the pro-
ton beam windows.
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Figure 3.  Schematic of the beam rotation scheme at the 
muon target (called EXILE).
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New Mercury Target Vessel with Advanced Design

1. Introduction
 The excellent effect of the microbubble injection 
into mercury to mitigate the pressure waves was 
demonstrated by the on-beam operation as shown 
in the previous topics of this report.
 As a next step to secure further the target ves-
sel against the pressure waves, we developed a 
target vessel with a double walled beam window. 
This structure aims to increase the mercury flow ve-
locity passing across the beam window where it is 
most severely attacked by the cavitation damage. 
The effect of mercury flow on the cavitation dam-
age mitigation has been investigated and confirmed 
both in off-beam tests [1] and in on-beam tests [2]. 
Moreover, the effect of the double wall to mitigate 
the cavitation damage was demonstrated in the ac-
tual spallation neutron source facility of SNS. Based 
on these results, we modified the design of the 
JSNS target to make the double-walled beam win-
dow structure, and the fabrication of the new target 
was completed.
 The storage space of the used target vessels is 
also a serious concern for the long term facility op-
eration, because the storage space capable of han-
dling highly radioactive components is very limited 
in J-PARC. In order to reduce the volume of used 
targets, we developed the separate-type target 
which can be separated into two parts, i.e. the front 
part and the rear part. This structure allows us to 
replace only the front part which has much shorter 
lifetime than the rear part. This new structure was 
also applied to the design of the new target.

2. Target design with double walled beam window
 The effect of the narrow channel to mitigate cav-
itation damages was investigated experimentally. 
Figure 1 shows the experimental set-up and one ex-
ample of the results. Two stainless steel plates were 
placed face to face closely in stagnant mercury, and 
impulse forces were applied to the mercury simulat-
ing the pressure wave generated by the mechanical 

striker. The experimental result shows the case of 
a 1 mm gap between the plates. There is clearly 
less damage on the narrow channel side than on 
the bulk side. This indicates that the structure of the 
narrow channel itself has the effect to mitigate the 
cavitation damage in addition to the mercury flow 
effect.
 Figure 2 shows the inner structure of the double 
walled target. A part of the mercury flow is led into 
the narrow channel at the inlet of the bubbler, and 
the mercury flow velocity in the narrow channel at 
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Figure 1.  Experiment to investigate the narrow channel ef-
fect to mitigate the cavitation damages.
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Figure 2.  Inner structure of the double walled target.
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the beam window is estimated to be almost 4 m/s. 
The bulk flow side of the inner wall is protected by 
the micro-bubbling. This structure increased the 
cooling performance of the inner wall and allowed 
us to increase the thickness of the inner wall from 
3 mm to 5 mm, which increased the safety margin 
against the cavitation damage. The fabrication of 
the target was completed and it is ready to be in-
stalled during the summer shutdown period in 2013.

3. Separate-type target design
 The key technology to realize the separate-type 
target is keeping seal performance of the complex 
flange where the front body is detached from the 
rear body. The complex flange connects all over 
the three lines of piping, which are two lines of thick 
mercury piping with diameter of 150 mm and 1 line 
of thin helium piping with diameter of 10 mm, with a 
single flange. Thermal hydraulic analyses showed 
that the temperature difference in the complex 
flange becomes 80°C at maximum, which causes 
thermal deformation and deterioration of the seal 
performance. In order to cope with this issue, we 
carried out numerical simulations and mock-up 
tests to cool down the flange effectively using the 

water flow channel in it. As a result, we could realize 
the complex flange, which can keep the seal perfor-
mance even after 1000 cycles of the temperature 
rising and dropping. The separate-type target ves-
sel was fabricated as shown in Figure 3, and this 
design was also applied to the fabrication of the 
double walled target.
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Cryogenic Hydrogen System

Introduction
 The J-PARC cryogenic hydrogen system pro-
vides cryogenic hydrogen at supercritical pressure 
of 1.5 MPa, whose para-hydrogen concentration is 
more than “99%” and temperature is less than 20 K, 
to three moderators so as to provide cold pulsed 
neutron beams of a higher neutronic performance. 
This report describes the topics of the cryogenic hy-
drogen system in JFY2012.

Attainment of stable prolonged operation
 It had been difficult to conduct prolonged stable 
operation of the helium refrigerator due to perfor-
mance degradation of the heat exchanger, which 
was caused by adsorption of impurity (mainly 
moisture) on it. The moisture was adsorbed on 
an activated charcoal located downstream of the 
compressor and gradually penetrated to the puri-
fied helium stream in the cryogenic operation. In 
JFY2011, a purification system had been installed. 
The activated charcoal had been regenerated by 
flowing heated nitrogen gas (around 373 K) through 
it. A purification operation was carried out to reduce 
the dew point below -80°C and nitrogen below 
1 ppm during the week before every operation. 
Accordingly, there was little increase of the pres-

sure difference through the heat exchanger (See 
Fig.1). We have achieved a three-month prolonged 
stable operation.

Operational characteristics 
 An ortho-para hydrogen convertor, which has 
the catalyst packed-bed volume of 35 L and is filled 
with a catalyst of hydrous ferric oxide with the po-
rosity of 32%, has been installed to maintain para-
hydrogen concentration of more than “99%”. The 
concentrations of the para-hydrogen in the hydro-
gen loop were measured at the temperatures of 
95 K, 46 K and 20 K during the cool-down process 
(See Fig.2). It was confirmed that the equilibrium 
para-hydrogen concentration always existed and 
the para-hydrogen concentration was maintained 
more than “99.0%” at the rated condition. 
 The hydrogen loop is applied to a stepwise huge 
heat load, which is 3.75 kW for a 1-MW proton beam 
operation, caused by the proton beam injection. A 
heater and an accumulator are prepared to mitigate 
a pressure fluctuation below 0.1 MPa caused by the 
proton beam injection and stop and always maintain 
the feed hydrogen temperature constant. 
 A stable 300-kW proton beam operation, where 
the nuclear heating was 1.13 kW, has been con-
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ducted since November 2012. It was possible to 
mitigate the pressure fluctuation caused by the 
proton beam injection and stop. The feed hydrogen 
temperature remained unchanged. The 300-kW 
proton beam operation has been successfully car-
ried out on schedule.
 For the first time, the 532-kW proton beam oper-
ation was conducted as a trial for the limited time of 
40 s in November 2012. A temperature rise of 1.3 K 
appeared at the outlet of the moderators. The pres-
sure fluctuation was mitigated to the predicted level 
of 44 kPa. The feed hydrogen temperature was al-
ways maintained constant, although it temporarily 
increased by 0.08 K. It would appear that the stable 
operation of the cryogenic hydrogen system would 
be also achieved for the 1-MW proton beam opera-
tion based on these results. 

R&D for the welding bellows for the 3rd accumulator
 In February 2010, a trouble of the 1st accumula-
tor, which was due to a poor weld in its manufactur-
ing process, was found before the cool-down opera-
tion. We have tentatively operated it using the 2nd 
accumulator, although it has a pressure tightness 
of 0.9 MPa lower than the required one of 2.0 MPa. 
The R&D for the welding bellows with the high pres-
sure tightness had been carried out in order to con-
duct the robust and the stable operation for the pro-

ton beam power of 1 MW. A prototype was manu-
factured and a live test performed. It was confirmed 
that the developed bellows met the required lifetime 
of 10,000 cycles at a pressure of 2 MPa. The 3rd ac-
cumulator has been designed and we plan to install 
it in the summer of 2013.

H. Tatsumoto, T. Aso, K. Ohtsu, T. Uehara, Y. Kawakami, and S. Hasegawa
Neutron Source Section, Materials and Life Science Division, J-PARC Center
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Neutron Target Station

1. Present states of the 2nd moderator and reflector
 According to the proton beam operation sched-
ule, the accumulated irradiation damage to the 
structural material of the moderator and the reflec-
tor, such as aluminum alloy (A6061), will reach the 
design value (20 DPA) in 2019. Therefore, to re-
place the moderator and the reflector in 2019, fab-
rication of a 2nd moderator and reflector will start in 
2013. From the experience of the 1st moderator-re-
flector fabrication, several improvements are taken 
into account in the 2nd moderator-reflector design. 
Especially, it is notable that new materials, such as 
invar alloy and gold-indium-cadmium (Au-In-Cd) al-
loy, are adopted.
 The invar alloy has one order of magnitude lower 
thermal expansion than aluminum alloy and stain-
less steel (SS316L). Therefore, the use of the invar 
alloy as cryogenic pipe material makes it possible to 
avoid the special fabrication, such as an asymmetri-
cal setting at an elbow-shaped bend in the cryogenic 
pipe, which was required in the 1st moderator fabrica-
tion. However, the development of the invar conver-
sion joints, such as invar-A6061 and invar- SS316L 
joints are required to utilize it in the cryogenic pipe. 
We evaluated the mechanical strength of invar-joints 
with the friction welding method (See Sec. 2).
 For the 1st decoupled moderator, a silver-indium-
cadmium (Ag-In-Cd) decoupler was developed in 
order to obtain neutron beam pulse with short tail. 
However, the Ag-In-Cd decoupler had the disadvan-
tage of high residual radioactivity, such as 108mAg 
(half life of 418 years). A combination of Au, In and 
Cd was selected as the decoupler material, result-
ing in three orders of magnitude lower radioactivity 
than the Ag-In-Cd one without sacrificing the pulse 
characteristics. In order to utilize the Au-In-Cd de-
coupler, we needed to develop the alloying of Au-
In-Cd and to make the bonding between Au-In-Cd 
and aluminum alloy (A5083) in terms of the heat 
removal and thermal stress. In the case of alloying 
of Au-In-Cd, we have already succeeded to make 

a homogeneous ternary Au-In-Cd alloy. In the next 
stage, a Hot Isostatic Pressing (HIP) technique is 
applied to obtain the bonding of the Au-In-Cd alloy 
to the A5083 (See Sec.3).

2. Examination of the invar joint[1] 
  For the 2nd moderator fabrication, the bonding 
strength of the invar joint to SS316L and A6061 was 
measured at two temperatures, room temperature 
and 77 K. Figure 1 shows the yield strengths of the 
invar joint with SS316L. From the results, it is clear 
that the yield strengths of the invar joint specimens 
are almost the same as those of the base materi-
als. And it is also clear that the yield strength at low 
temperature is two times higher than that at room 
temperature. This result indicates that the invar joint 
has enough bonding strength as required in the 2nd 
moderator design. In addition, it is confirmed that 
the ductility of the invar specimens and their bond-
ing ones at low temperature is higher than that at 
room temperature.
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3. Development of an Au-In-Cd decoupler[2]

 We performed a bonding test between Au-In-Cd 
alloy and aluminum alloy (A5083) by the HIP meth-
od. The conditions in the HIP test were: pressure of 
100 MPa, holding time of 1 hour, and temperature 
of 490, 505, 520, 535 and 550°C. As a result, for 
the first time, we succeeded to bond the two alloys 

at above 520°C in the HIP temperature. Figure 2 
shows cross sectional micrographs at the bonding 
region with material composition ratio measured 
by EDX at 535°C in the HIP temperature. Though, 
in the 520°C case, layers of Au2Al alloy and Au2Cd 
alloy are clearly separated in the diffusion layer, in 
the 535oC case, the two alloys make an intermetallic 
matrix in the diffusion layer as shown in the Fig. 2.
 Then we measured the tensile strength of the 
HIP specimens. The specimens at 520°C in the HIP 
temperature were fractured before the tensile test. 
At 535°C, the tensile strength of 95.2 MPa could be 
obtained. This value is three times higher than the 
required strength in the design (30 MPa).
 As a result, we found that the intermetallic matrix 
appearing in the diffusion layer above 530°C in the 
HIP temperature worked to increase the bonding 
strength.

References
[1]  M. Harada et al., submitted to J. Nucl. Mat. 

(2013).
[2]  M. Ooi et al., submitted to J. Nucl. Mat. (2013).

M. Teshigawara, M. Harada, M. Ooi, and Y. Kasugai
Neutron Source Section, Materials and Life Science Division, J-PARC Center

Figure 2.  Cross sectional micrographs at the bonding region 
of the HIP specimen with composition ratio of Al, 
Au and Cd. The HIP temperature is 535°C.
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Radiation Safety

1. Radiological License Update
 The radiological license was updated for the fol-
lowing items:
(1)  Increasing the proton beam intensity from 

320 kW to 350 kW, 
(2)  Installation of the “U-line” which is a secondary-

beam line with ultra-slow muons.
 The proton bean intensity in the continuous 
beam operation to MLF target was increased from 
200 kW to 300 kW in November 2012. In order to 
keep a sufficient margin for 300 kW operations, the 
proton beam intensity in the licensing was upgraded 
to 350 kW in advance.

2. Radiological Control of the Experimental Halls
 The 1st and 2nd Experimental Halls meet the 
specifications for contaminated controlled areas in 
terms of airtightness and negative pressure control. 
However, at the beginning of our first beam opera-
tion in 2008, we determined that the Halls were con-
trolled as “uncontaminated” areas to hold the ac-
cess easiness such as the followings:
  Experimenters can enter the Halls without wear-

ing special suits and shoes for radiological con-
tamination,

  The contamination checks of their bodies and 
the items they bring out are not necessary when 

the experimenters leave the Halls.
 On the other hand, there were some issues 
with the sample handling. Powder and liquid sam-
ples may contaminate floors and bodies, if spilled 
out after neutron irradiation. In order to avoid such 
kinds of “Radiological Accident”, we made rules to 
handle samples according to the suggestions of the 
Radiation Safety Office in J-PARC. The rules state:
  Powder and liquid samples must be sealed tight-

ly within metal containers,
  Activated samples must be handled in the “3rd 

preparation room”.
 The 3rd preparation room is designated as a 
contaminated area for handling activated samples. 
Recently, some experimenters complained about 
these rules. Practically, some experiments such as 
the neutron-reflectometry experiment, which was 
planned at BL16, could not be carried out at first 
because they needed to use some liquid samples 
without any enclosures. But, finally, that could be 
done by evaluating the induced radioactivity of the 
liquid sample and adjusting the experimental pro-
cedure along the rules. We are going to keep the 
uncontaminated areas as long as possible by con-
sidering practical and realistic approaches for each 
experiment.

Y. Kasugai, M. Ooi, and T. Kai
Neutron Source Section, Materials and Life Science Division, J-PARC Center
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Cooling System for Neutron Source

1. Introduction
 The cooling system for the neutron source is in-
stalled to remove the heat generated by the proton 
beam and the neutron irradiation. The cooling sys-
tem is consists of three water systems for the neutron 
source, two water supply systems for experimental 
halls, air circulation system for shielding including the 
neutron shutters, secondary water system and sup-
ply and discharge system of gas and water [1].
 The components of the cooling system have 
been maintained periodically to keep the perfor-
mance and the safety of the neutron source.
 The cooling water of the system is directly irra-
diated by protons and neutrons, and as a result, it 
will become radioactive. It is necessary to conduct 
the maintenance to prevent the wide spreading of 
radioactivity and reduce the radiation impact on the 
workers.
 In this paper, It is shown that the radioactivity in 
the cooling water of the systems and maintenance 
for the components of the cooling system for the 
neutron source.

2. Radioactive Level of the Cooling System
 There are three main water systems called 6551, 
6552, and 6553 system for neutron source cooling. 
The 6551 system is connected to the safety hull and 
the reflector. The 6552 system is connected to the 
proton beam window (PBW) and three moderators. 
The 6553 system is connected to a target trolley 
and shielding in the helium vessel. 
 Figure 1 shows the tritium density in the cooling 
water systems from the beam start. And the amount 
of the proton beam irradiation in the neutron source 
is also shown in the figure. The tritium density has 
been increasing with the increase of the proton 
beam irradiation. There are some points of decreas-
ing density, because the water in the system is ex-
changed almost completely for the maintenance. 
But the density decreased by one order through the 
whole water exchange. 

 In Table 1, the tritium density in the three sys-
tems at Jul. 2013 is shown. In Table 1, the calcu-
lated estimation values are also shown. The tritium 
density in the systems is not so far from the calcu-
lated estimation.
 In Table 2, the radioactive density in the water 
is shown. The amounts of Be7, Na22, and etc. in-
creased with the proton beam irradiation. 

3. Maintenance of Cooling System Components
 The three water systems have two pumps each. 
The pumps have 100% spec. for the rated system 
flow rate. The pumps are operated alternately as A 
system and B system for each operating cycle. The 
facility operation is continued even in case of the 
pump trouble.
 The pumps are canned pump and the perfor-
mance is kept by the periodical maintenance includ-
ing the overhaul with parts exchange.
 The radioactive level of the water systems for 
the neutron source become high and the ordinary 
maintenance is not easy. Therefore, at the time of 
separation of the system and disassembly of the 
pump, the special suits, full-face mask and etc. are 

6551 6552 6553
Meas. 8.3E+04 2.4E+04 1.3E+04
Calc. 5.3E+04 4.6E+04 -

Bq/cm3

Table 1.  Tritium in Cooling Water.

6551 6552 6553
Be7 1.4E+01 4.2E+00 4.8E+00
Na22 3.1E+01 1.6E+00 ―
Mn54 4.0E-01 3.2E-02 1.6E-01
Co56 ― ― 1.1E-02
Co57 ― ― 2.2E-02
Co58 8.4E-02 ― ―
Ta182 ― 8.0E-02 ―

Bq/cm3

Table 2.  Radioactivity in Cooling Water.
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equipped and a local exhaust and air tight house 
are set to prevent spreading pollution and irradia-
tion. Furthermore, the maintenance work has been 
conducted while measuring the pollution degree of 
the components by smears. Therefore, the pollution 
level at the components area after pump mainte-
nance has been kept very low and changes have 
not been confirmed. In the case of a future rise in 
the radioactivity concentration, airline suit and etc. 
will be used for the cooling system maintenance.

4. Summary
 The radiation level in the cooling system was es-
timated to be increasing with the proton beam power 

rising. But the periodical maintenance will be needed 
to keep the facility’s performance. Therefore, based 
on the radioactive protection method, the mainte-
nance plan will be made to work with the appropriate 
protection. In the future, the cooling system will be 
kept safe and stable and managed to contribute to 
the smooth operation of the neutron source facility.

References
[1]  Neutron Source Section, Material and Life 

Science Division, Technical Design Report of 
Spallation Neutron Source Facility in J-PARC, 
JAEA Tech., 2011-035 (2011) 417.

Figure 1.  Tritium density in primary cooling water and amount of Proton beam irradiation.

H. Kinoshita, M. Seki, T. Suzuki, H. Ueno, and S. Meigo
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General Control System of MLF 

1. Introduction
 For supplying muon and neutron beams safely 
and efficiently, a General Control System (GCS) 
operates within the MLF; it consists of several sub-
systems of integral control and interlock, network, 
server, timing distribution systems, and a Personnel 
Protection System (PPS). It is the advanced and in-
dependent system that controls the target stations 
including a mercury target, neutron moderators with 
supercritical hydrogen, and so on. It administers the 
instruments and operating processes of the MLF in 
various operating states such as the proton beam 
irradiations and target maintenances. Although the 
GCS is an independent system, it works closely with 
the control systems of the accelerators and other 
facilities in J-PARC [1].
 Figure 1 (A) shows the schematic structure of 
the current Monitor and Operation (MO) system of 

the GCS. It consists of Personal Computers (PC) 
and Programmable Logic Controllers (PLC) such as 
Administrative Control PCs (ACP), General Control 
Panels (GCP), and Local Control Panels (LCP) con-
nected to the looped optical network systems, named 
MELSECNET-H (NET -H). The operations of vari-
ous instruments in the MLF are executed from the 
ACPs and the PPS operating PCs placed in the MLF 
control room by operating the LCP of each instru-
ment through the NET-H. Server systems such as 
a Data Storage (DS) server and a Web Distribution 
(WD) server, acquire various operation data through 
the NET-H, then transform, arrange, store, and dis-
tribute them. The PCs in Figure 1 (A) are installed 
with the iFIX-SCADA (Supervisory Control and Data 
Acquisition) as a framework software and iHistorian 
for the DB server, where they have been used suc-
cessfully for the operations of many plant facilities.

Figure 1.  Structure of (A) Current and (B) Upgraded Monitor and Operation (MO) systems.
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2. Upgraded MO system in GCS
 Since the first proton beam injection in 2008, the 
GCS has been operated safely and stably without 
any serious troubles in comparison with upgrades 
of the target systems for ramping up the proton 
beam power and increments of the user apparatus 
year by year. It also behaved according to its safety 
design during the Great East Japan Earthquake in 
2011 [2]. The current MO system based on the iFIX-
SCADA has also functioned as expected. However, 
the downside is its costly maintenance because of 
its poor flexibility on the Operating System (OS) 
and software versions. For example, all PCs, which 
compose the MO system, must be replaced when 
the OS is upgraded. 
 Improving the maintenance flexibility of the GCS 
will result in a sustainable long-term operation; that 
is why we planned a significant upgrade of the MO 
system in 2013. According to the plan, we consid-
ered the schematic design of the upgraded MO sys-
tem in 2012, based on the condition of the current 
functions so as to control all LCPs, acquire, store 
and distribute operation data of over 7000 items 
in a suitable data format. Figure 1 (B) outlines the 

schematic structure of the upgraded MO system. 
In Figure 1 (B), the following components for the 
MO system were adopted: Experimental Physics 
and Industrial Control System (EPICS) as frame-
work software, OPC server as a data input/output 
module, Control System Studio (CSS) as a user 
interface window, Postgre SQL for the DS server, 
and Web OPI for the WD server. Furthermore, we 
made the prototype of the upgraded MO system, 
operated it in parallel with the current MO system, 
and evaluated its concrete performances with true 
data such as data transmission speed from PLCs, 
control functions from user interface windows, stor-
age capability of the DS, long-term reliability, and so 
on. As a result, we were able to demonstrate that it 
works sufficiently well, as designed.

References
[1]  K. Sakai et al., Nucl. Instr. Meth. A 600 (2009), 

75.
[2]  K. Sakai et al., Proc. of International Collaboration 

on Advanced Neutron Sources (ICANS-XX), 
Bariloche, Río Negro, Argentina, March 4–9, 
2012, (2012), 113.

K. Sakai, M. Ooi, and A. Watanabe
Neutron Source Section, Materials and Life Science Division, J-PARC Center



77Neutron Source

Makoto Teshigawara and Hidetaka Kinoshita enjoy a fruitful 
discussion about test equipment for the tritium reduction gas 
handling system.

Members of the target group dressed in air-line suits and face 
masks carefully remove mercury from the target following an 
irradiation experiment in the hot cell.

Demonstration of the target exchange procedure using the 
remote handling system.

Maintenance work is carried out on the water channel of the 
quadrupole magnets of the proton beam transport system.

Katsuhiro Haga, Hidetaka Kinoshita, and Hideki Ueno discuss 
a water flow experiment on the new spallation neutron target.

Measurement of tritium gas density during operation of the 
mercury target cover gas treatment system.

Scenes from the Neutron Target Station
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BL01: Fermi Chopper Spectrometer 4SEASONS
—Improvement in the Background Suppression—

 The suppression of unwanted background scat-
tering and improvement of the signal-to-noise (S/N) 
ratio are obviously important issues for the inelastic 
neutron scattering instruments. On the Fermi chop-
per spectrometer 4SEASONS, we have been con-
tinuously upgrading the instrument to resolve these is-
sues even after the start of the user program. In 2012, 
we installed B4C vanes inside the vacuum scattering 
chamber and polyethylene plates behind the detector 
bank. Thanks to these new shielding materials, we 
successfully reduced the background even further [1].
 The vacuum scattering chamber of 4SEASONS 
houses the detectors on the detector bank which 
constitutes a downstream part of the wall of the 
chamber. It consists of 11 panels, each of which can 
hold 32 pieces of 2.5 m 3He tubes. Currently, 6 de-
tector panels are fully covered by the detectors. The 
vanes, made of B4C resin, were installed vertically 
at the gaps between each of the detector panels 
[Fig. 1(a)]. They are located parallel to the scattered 
beam path to block neutrons scattered at the sur-
faces of the detectors and run across the scattering 
chamber. Each of the vanes is 20 mm thick and 530 
mm long along the beam path. This dimension of the 
vane does not make any shadow on the detectors.

 Most of the outer wall of the vacuum chamber 
had been covered with 100–200 mm-thick polyeth-
ylene plates or polyethylene beads to stop the neu-
trons coming in from the outside of the chamber. 
However, the back of the detector bank had been 
left uncovered. In 2012, we covered this exposed 
part of the outer wall of the vacuum chamber. We 
covered the area of 23 m2 with 80 mm-thick polyeth-
ylene plates as shown in Fig. 1(b). 
 In order to evaluate the effect of the newly in-
stalled shielding materials on the background, we 
performed test inelastic scattering measurements 
using a single crystal sample of La1.82Sr0.18CuO4, 
which is one of the copper oxide superconductors. 
This compound shows very weak magnetic excita-
tions in high energies, and the signal is easily affect-
ed by any background or spurious scattering. Figure 
2(a) shows the inelastic scattering spectrum at ~5 K 
observed before the installation of the vanes and 
the polyethylene plates. By the time we measured 
these data, we had already installed one B4C vane 
at one of the gaps of the detector panels, which cor-
responds to the position indicated by the arrow in 
the figure. Though the magnetic excitation signals 
can be observed at (±0.5, ±0.5), the whole detector 

Figure 1.  (a) 3He detector tubes and absorbing vanes of B4C resin inside the vacuum scattering chamber of 4SEASONS. 
(b) Polyethylene plates behind the detector bank inside the shielding house.
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bank, except the area to the left of the vane, shows 
high intensity. This indicates that most of the detec-
tor bank is contaminated by a severe background, 
while the vane can suppress the background on the 
detector panel next to the vane. In addition, several 
streaks are observed at the positions corresponding 
to the gaps between the detector panels, and some 
of them superpose the magnetic excitations. These 
streaks were caused by neutrons that are scattered 
by the gaps and hit detectors next to the gaps.
 Figure 2(b) shows a similar inelastic scatter-
ing spectrum observed after the installation of the 
shielding materials. In contrast to Fig. 2(a), the 
background clearly decreases in the whole detector 
bank. Furthermore, the annoying streaks completely 
disappear. Actually, when we cut the spectra across 
the magnetic excitations in Fig. 2(a), the obtained 
profile is asymmetric and the peaks are too sharp 

due to the overlap of contaminations. On the other 
hand, in Fig. 2(b), we can obtain symmetric peaks 
with appropriate widths with lower background [1]. 
These results proved that the present background 
suppression work is quite effective for observation 
of weak excitation signals.
 Not only does the improved S/N ratio enable the 
detection of signals weaker than before, but it also 
enables a measurement with a shorter time or with 
a smaller sample. Actually, after this improvement, 
several nice data in cupurate superconductors, 
itinerant magnets, multiferroic materials, etc. have 
been produced on the instrument.
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Figure 2.  Color maps of the inelastic scattering spectra of La0.82Sr0.18CuO4 at ~5 K measured (a) before and (b) after the instal-
lation of the shielding materials. The utilized incident energy is 204 meV. The data are cut at hω = 125±15 meV and is 
projected onto the (H, K) plane.
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BL02: Si Crystal Analyzer near Backscattering TOF Spectrometer DNA
—Specification and Commissioning Results —

1. Introduction
 A Si crystal analyzer near-backscattering spec-
trometer, called DNA, is the first indirect geometry 
instrument in MLF, which aims to explore, in the 
nanosecond timescale, the dynamical behaviors 
of atoms and spins in bio-molecules, soft-materi-
als, and so on. It sees the coupled moderator as 
a pulsed neutron source and is equipped with a 
high-speed pulse shaping disc chopper, aiming for 
a high energy resolution with high intensity. The in-
strumental overview and the specifications for DNA 
are shown in Figure 1 and Table 1.

2. Construction works in 2012
 Almost all spectrometer components were in-
stalled before February 2012, with the exception of 
the No.1 high speed pulse shaping disc chopper. 
The No.1 chopper, which is designed as a counter-
rotating double-disc chopper with maximum rota-
tional frequency of 300 Hz, was set up with a single 
disc and commissioned at 225 Hz in early October 
2012 by using a long shut-down period.
 To evaluate the incident neutron energy distri-
bution at the sample position, and to measure the 
diffraction pattern from the powder sample, two dif-
fraction-detector-units were installed in this period.
 The analyzer coverage was extended to a scat-
tering-angle range from -18 degrees to +126 de-
grees in the horizontal plain by adding some crystal 
analyzer units, by the end of December 2012.

3. Beam Commissioning in 2012
 The commissioning started from the beginning 
of February 2012. In this period, the pulse shaping 
high speed chopper could not be operated, then we 
operated the DNA spectrometer without the pulse 
sharpening chopper at energy resolution of ΔE ~ 14 
μeV with wide energy transfer range: -1000 < E / 
μeV < +1500.
 After installing the No.1 high speed chopper, 
the commissioning of high-resolution measurement 

was carried out by using single disc with slits of 10 
mm and 30 mm widths at 225 Hz in the maximum 
rotational speed from the end of October 2012. At 
this point, the energy resolution of 3.0 μeV was 
achieved.

Items Specification
Neutron source (NS) Coupled Liquid H2 Moderator 
L1 (source-sample) 42 [m]
L2 (sample-analyzer) ~ 2.3 [m]
L3 (analyzer-detector) ~2.0 [m]
Pulse sharpening chopper (PS-chopper) 

Max speed: 300Hz at ~7.5m from NS
(Precent Max speed: 225Hz by 4 slit one disc) 

Crystal Analyzer
Crystal and reflection index Si(111)

Si(311) in plan
Bragg angle of analyzers ~87.5 [deg.]
Energy resolution ~3.0 [μeV]: Si(111)

~14 [μeV]: Si(111) 
Without PS-chopper

~6 [μeV]: Si(311) expected.
Momentum range 0.07 < Q < 1.70 [A-1]: Si(111)

0.60 < Q < 3.80 [A-1]: Si(311) in plan
Scan energy range: Si(111) -40 < E < 100 [μeV]: 

Single pulse scan around Ef

-500 < E <1500 [μeV]: 
Without PS-chopper in second frame

(the specifications by the end of December 2012)

Table 1.  Instrumental specifications of DNA.

Figure 1.  Overview of DNA. Each Number indicates a disc 
chopper installed on the beam line BL02.
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 Figure 2 shows the tunneling spectrum for 
4-Methylpyridine N-oxide with ΔE ~ 3.0 μeV on 
BL02. We realized an extremely low contribution of 
instrumental background.

4.  Implementation progress of the user pro-
gram in 2012A and 2012B

 The user program started from May 2012. The 
user program in 2012A, with 2 experiments, and 
2012B, with 5 experiments, was carried out and 
some of those experiments obtained new findings, 
which will be reported in near future.
 Many experimental applications to the general 
user program from various scientific fields are ex-
pected in the future.
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Figure 2.  Measurements of the tunnel spectrum for 
4-Methylpyridine N-oxide powder with ΔE ~ 3.0 
μeV on BL02.
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Upgrading of the IBARAKI Biological Crystal Diffractometer 
iBIX at BL03

1. Introduction
 The IBARAKI biological crystal diffractometer, 
iBIX, is a TOF neutron single crystal diffractometer 
to elucidate the hydrogen, protonation and hydra-
tion structure of mainly biological macro molecules. 
Since the end of 2008, the iBIX with 14 detectors 
has been available to users’ experiments supported 
by Ibaraki University. However, we needed a long 
time for the measurement of protein samples be-
cause the accelerator at J-PARC was not operat-
ed at maximum power and the total solid angle of 
the detector was half of the final planning value. In 
2012, we completed the upgrade of the 14 existing 
detectors and installed the 16 new detectors for the 
iBIX. This paper reports the results of the iBIX up-
grade.

2. Upgrade of the Detectors
 Since August 2012, the new detector system has 
been adapted; the process included the upgrade of 
the 14 existing detectors and the installation of 16 
new detectors for the iBIX. The new detector sys-
tem improved dramatically the detector efficiency, 
uniformity of sensitivity, spatial resolution and main-
tenance method. The following parts of the 14 exist-
ing detectors were upgraded: the scintillator packs 
including scintillators, the wavelength shift fibers 

strung for x and y direction (256 × 256 pixels), the 
photomultiplier tubes, the light guide units and the 
encoder modules.
 The total solid angle of detectors subtended by 
a sample and the average detector efficiencies af-
ter upgrading improved by 2 and 3 times respec-
tively (solid angle: 9.1%→19.5% for 4π, efficiency: 
19%→58%). The total measurement efficiency of 
the present diffractometer was on one order of mag-
nitude from the previous one coupled with the in-
crease of the accelerator power (200 kW→300 kW). 
The uniformity of the detector-sensitivity in the di-
rection of x and y axes before upgrading was about 
20% for detector number 3. After upgrading, it was 
reduced to about 10%. 
 In December 2012, the commissioning (instal-
lation on the diffractometer, noise reduction, deter-
mination of the measurement parameter for each 
detector, measurement test by the data acquisition 
system with all detectors, etc.) of the new detec-
tor system could be succeeded by using a neutron 
beam. The new diifractometer of the iBIX is shown 
in Fig. 1. 

3.  Diffraction measurement with standard samples
 We have tried to collect the diffraction dataset 
of Riboncrease A as a standard protein in order to 

Figure 1.  The diffractometer of iBIX before upgrading (Left) and after upgrading (Right) of the detectors.
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estimate the performance of the new diffractometer 
of the iBIX. The data reduction and refinement could 
be succeeded. The resolution of diffraction data, 
equivalence among intensities of symmetry related 
reflections and reliability of the refined structure 
have been improved dramatically in comparison 
with these of the data of Riboncrease A obtained 
by using the iBIX before upgrading. These results 
imply that a full dataset of standard protein sample 
can be collected by the new iBIX in about 4 days for 
a crystal of 2 mm3 in volume under 1 MW operation 
of the accelerator power in J-PARC. The new iBIX is 
expected to reach one of the highest performances 
of a neutron single crystal diffractometer for biologi-
cal macro molecules in the world.

4. Feature prospects
 In the future, the data reduction software should 
be upgraded in order to improve the accuracy of the 
data reduction for the integrated intensities of Bragg 
reflections, to make the system user friendly and to 
be available for samples with a large unit cell. For 
example, background extraction, data correction 
method, integration method, decentralized process-
ing and peak de-convolution method will be devel-
oped in the next five years. In the case of the hard-
ware, we should prepare the utility equipment for 
sample environment (eg. multi purpose stage, light 
source, heating device and so on) and a fast and 
friendly measurement system before an accelerator 
power reaches 1 MW.
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Cross-section Measurement of Neutron Capture 
for Np-237 at ANNRI (BL04)

1. Introduction
 Accurate cross section data of the neutron-
induced reactions of MAs and LLFPs are required 
for the study of nuclear transmutations. The cross 
section at 25.3 meV is important because it is often 
used as an anchoring point for relative cross section 
measurements. The systematic uncertainties of the 
cross section are significantly reduced by normal-
izing the relative cross sections using the thermal 
cross section.
 The thermal cross sections are in many cases ob-
tained by neutron activation measurements where a 
sample of interest is irradiated with neutrons having 
energy distribution such as reactor neutrons. Hence, 
one can obtain the averaged cross section under 
this neutron spectrum. Then the averaged cross 
section is calculated to the thermal cross section 
using the Westcott’s factor [1]. The Westcott’s fac-
tor is defined as the ratio between the thermal cross 
section and the Maxwellian averaged cross section. 
In a recent measurement of 237Np(n, γ) at LANL [2], 
the Westcott’s factor of 0.944 ± 0.035 was obtained. 
This value is about 4% smaller than the evalua-
tions such as JENDL-4.0 [3], ENDF/B-VII.1 [4] and 
Mughabghab [5].
 In this measurement, the relative cross section 
was obtained for 237Np(n, γ) and the Westcott’s fac-
tor was deduced using the ANNRI-NaI(Tl) spec-
trometer.

2. Experiment
 The sample used in the measurement was a 
mixture of neptunium dioxide (200 mg of 237Np) and 
aluminum pressed into a pellet shape of a 1-mm 
thickness and 20-mm diameter. The pellet was 
sealed in an aluminum case and placed at a flight 
length of 28 m. Capture γ rays were detected using 
the ANNRI-NaI(Tl) spectrometer. Measurements for 
an aluminum case, carbon and without any sample 
were also performed to estimate the backgrounds. 
The obtained TOF spectra are shown in Fig. 1.

3. Results
 In the data analysis, the dead time was correct-
ed and the backgrounds due to the frame-overlap 
neutrons, aluminum case and scattered neutrons 
were subtracted. The effects of the self-shielding 
and multiple scattering were corrected using the 
PHITS [6] and JENDL-4.0 [3]. After these correc-
tions, the TOF spectrum was divided by the neutron 
spectrum which was measured by 10B(n, α1γ) reac-
tion. More detailed information could be obtained 
elsewhere [7].
 The relative cross section obtained in the pres-
ent work was normalized at the first resonance 
using JENDL-4.0 and the resulting cross section 
is compared to the JENDL-4.0 in Fig. 2. From the 
obtained relative cross section, the Westcott’s fac-
tor was deduced as 0.988 ± 0.004sta ± 0.009sys. The 
most influential sources of the uncertainty were the 
frame-overlap background and the thickness of 
the 10B sample. The Westcott’s factor obtained in 
the present work agrees well with the evaluations 
of JENDL-4.0 (0.983), ENDF/B-VII.1 (0.986) and 
Mughabghab (0.982).

Figure 1.  TOF spectra for the measurements of Np sample 
(black), Al case (red), carbon (green) and no sam-
ple (blue).



87Neutron Science

References
[1]  C.H. Westcott, J. Nucl. Energy 2 (1955) 59.
[2]  E.-I. Esch et al., Phy. Rev. C77 (2008) 034309.
[3]  K. Shibata et al., J. Nucl. Sci. Technol 48 (2011) 1.
[4]  M.B. Chadwick et al., Nucl. Data Sheets 112 

(2011) 2887.

[5]  S.F. Mughabghab, “Atlas of neutron resonances”, 
Elsevier (2006).

[6]  K. Niita et al., JAEA-Data/Code 2010-022 (2010).
[7]  K. Hirose et al., J. Nucl. Sci. Technol 50 (2012) 

188.

K. Hirose1,*, A. Kimura1,2, and H. Harada1,2 on behalf of the ANNRI collaboration
1Research group for Applied Nuclear Physics, Nuclear Science and Engineering Directorate, JAEA; 2Neutron Science Section, Materials and 
Life Science Division, J-PARC Center; *Present Address: Research group for reactions involving heavy nuclei, Advanced Science Research 
Center, JAEA

Figure 2.  The cross section of 237Np(n, γ) reaction. A red line shows the JENDL-4.0 evaluation.
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Studies of Neutron Optics for Physics Researches

Introduction
 At the NOP beamline (Neutron Optics and 
Physics) installed at port BL05, the final prepara-
tion for neutron lifetime measurement and some 
other researches and developments are continuing. 
The time projection chamber (TPC) used to detect 
neutron beta decay was adjusted precisely for data 
acquisition with high quality at a high polarization 
beam branch. Neutron guide tubes were installed 
upstream of the unpolarization neutron beam branch 
to extract very slow neutrons for UCN experiments. 
The chamber for gas scattering experiments was 
tested at the low divergence beam branch. 

Commissioning for neutron lifetime measurement
 The recent values of neutron lifetime deviate far 
beyond the systematic errors claimed in the past 
and require further improvement to be consistent 
with the primordial Big Bang nucleo-synthesis. 
 We are continuing the neutron lifetime measure-
ment at the polarized beam branch of the NOP 
beamline installed at port BL05. The system con-
sists of a neutron chopper (SFC) and a gas cham-
ber (TPC) for detecting the electrons from the neu-
tron beta decay [1]. The TPC contains diluted 3He 
and the rate of the 3He(n,p)3H reaction is measured 
by counting the protons. The neutron lifetime is 
measured as the ratio of the electron events to the 
proton events. Commissioning of the system has 
started with a neutron beam. The electron events 
and the proton events were found with reasonable 
signals (Fig.1). The 3He density and the gas pres-
sure, which cause the systematic uncertainty of the 
measurement, are also studied by using a mass 
spectrometer. The precise analysis of the data is 
also in progress. 

UCN optics
 Ultra-Cold Neutrons (UCNs), which are neutrons 
with a velocity of less than 7 m/s, are used mainly 
for particle physics. To research and develop UCN 

optical devices, a Doppler shifter, which converts in-
cident neutrons of 3.0 nm to pulsed UCNs, is work-
ing at the un-polarization beam branch. In order to 
increase the incident neutrons, we have installed an 
upstream guide tubes and mirrors. As a result, the 
intensity of neutrons from the Doppler shifter, which 
consists of UCNs and faster neutrons, was 49 cps 
with 300 kW proton beam power. It means that the 
improvement of the neutron optics increases the in-
tensity by about 20 times. 
 We have also demonstrated the focusing optics 
of UCNs. The proper acceleration in the middle of 
the transport reconstructs dense UCN pulse at the 
experimental apparatus. The acceleration can be 
controlled by using RF spin flipper with changing its 
frequency. Figure 2 shows that the reconstructed 
neutron bunch arrived at the detector at a certain 
time [2]. 

Figure 1.  TPC and typical display of beta-decay.
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Precision measurement of scattering from win-
dow material
 A measurement of the angular distribution of a 
scattering cross section is planned to be conducted 
for the search of unknown medium range interac-
tions between neutrons and neutral atoms. The scat-
tering from the window material of the chamber for 
the neutral atom gas must have large background. 
We have started the precise studies of the scat-
tering from the window material. A well-collimated 
neutron beam at the low divergence beam branch 
was injected into a thick single crystal silicon block 
to precisely study the neutron scatterings other than 
the Bragg reflections from a single crystal. 
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Figure 2.  Setup for UCN focusing (up) and the ratio of TOF 
spectra with and without focusing (bottom). 
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Development of SuperHRPD and Structural Study 
of Functional Materials 

 After the recovery from the damage by the earth-
quake on March 11, 2011, we restarted the activity 
on BL08 SuperHRPD in April 2012. The damage 
and reconstruction of BL08 was explained in detail 
in the previous annual report and the KENS report 
[1]. The most difficult point had been the replace-
ment of the broken mirror and the re-alignment 
of the beam-line to the experimental hatch. BL08 
building moved to the north by 3 cm and to the east 
by 5 cm and subsided by 9 cm at the expansion 
joint. The sample position of SuperHRPD moved to 
the north by 1.25 cm, to the east by 3.39 cm and 
subsided by 2.77 cm. In addition to the recovery 
process of the beam-line, we installed a new disk 
chopper with 10B4C in order to cut the fast neutrons 
to reduce the background. 
 The first trial of the measurement and analysis 
using standard sample CeO2, taken in April 2012, is 
shown in Fig.1, in which we can see the successful-
ly performed powder diffraction measurement and 
Rietveld analysis as it was before the earthquake. 
The intensity is also at the same level as before 

the earthquake damage. In the upper panel of the 
figure, data taken at three different detector banks, 
backward bank, 90° bank and low-angle bank, are 
shown. Cleary, the hump in the background due to 
the scattering of unwanted fast neutrons has dimin-
ished and the background level greatly improved. 
The lower panel shows the Rietveld analysis of the 
backward bank, and the fitting is satisfactory. 
 One of the tasks of SuperHRPD is powder dif-
fraction with super-high-resolution experiment and 
also application to a very complicated organic com-
pound. We have several advancements on these 
issues. Let us show the status of the resolution of 
SuperHRPD first. The resolution of the TOF method 
is simply expressed by the following equation:

(Δd/d)2 = (Δt/t)2 + (ΔL/L)2 + (Δθ/tanθ)2

 Shown in Fig.2 is the contribution of each term at 
BL08. Because of the long distance beam-line and 
the very short pulse shape at the source, the first 
two terms for Δd/d are very small and it is possible 
to achieve the final goal of the designed resolution 
at SuperHRPD; Δd/d = 0.035%. However, the cur-
rent bottleneck is the third term, especially the reso-
lution of the detector pixel size. Since we are still 
using the old detector of the Sirius diffractometer 
in KENS, the pixel size is about 12 mm, while the 

Figure 1.  First-trial of the measurement and Rietveld analy-
sis of standard sample CeO2 after the recovery of 
SuperHRPD.

Figure 2.  Resolution of BL08 expressed by three different 
contributions and the total one. 2θ angle is as-
sumed as 165°.
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designed parameter for SuperHRPD is assumed to 
be 3 mm in pixel size. Due to financial problems, 
the improvement of the detectors at BL08 has been 
postponed so far, thus we have tried to get better 
resolution by using only very high angle area data 
to increase tanθ term in the equation. Figure 2 is 
calculated at 2θ = 165°. The calculation tells us that 
almost all of the resolution at the present BL08 is 
coming from the detector pixel effect. 
 In order to overcome the resolution within the 
present condition, we measured the powder dif-
fraction profile using very high angle region, that is, 
higher than 175°. The purpose of the study was to 
pin down the space group of the ferroelectric phase 
in SrTi18O3 and then the atomic displacement pat-
tern to induce the polarization. SrTiO3 is a special 
material among the well-known perovskite type 
structures because the so-called tolerance-factor is 
almost 1 in this compound so that soft-mode occurs 
not only at the R and M points at Γ point. Not only 
that, but also the distortion of the lattice is two or-
der magnitude smaller than those in the other typical 
perovskite type materials. This is the reason why the 
structural study of the ferroelectric phase of SrTi18O3 
has not been successful in the diffraction experiment 
yet. Only SuperHRPD has an ability or possibility to 
complete this task. Figure 3 shows the simulation of 
the splitting of (200)c Bragg reflection upon the fer-

roelectric phase transition from tetragonal phase to 
orthorhombic phase. Note that the unit cell form at 
the ferroelectric phase is still unknown. If the model 
as orthorhombic cell is correct and the resolution is 
0.035%, the final goal of SuperHRPD, the (200)c 
profile will change to three peaks shape. At least, 
when the resolution closes to 0.05%, we can expect 
the shoulder peaks of three-peak features.
 Figure 4 shows the observed profile of (400)c 
Bragg reflection at 50 K (tetragonal phase) and at 
4.8 K (ferroelectric phase). The data is accumulated 
only at the high angle area, larger than 175°. The 
resolution is estimated as 0.05%. At the tetragonal 
phase, we can see two peaks as it is expected from 
the tetragonal symmetry. On the other hand, at 4.8 K 
it seems to split further more to form three peaks. 
Thus, we can say the unit cell is orthorhombic or 
less symmetrical. We have performed the Rietveld 
analysis using the all area data since the statistics 
of the data at only the limited region more than 175° 
is too poor. Based on the conclusion as shown in 
Fig.4, we pin down the space group as F2mm with 
the unit cell size 2a × 2b × 2c. The obtained atomic 
displacement pattern is the so-called Slater mode 
plus the anti-phase rotation of TiO6 molecule.
 In order to improve the resolution, we are plan-
ning to replace part of the existing position sensi-
tive detectors (diameter of φ12.7) at the high angle 
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Figure 3.  Simulation of the splitting of the (200)c Bragg re-
flection at various instrumental resolution, by as-
suming the orthorhombic unit cell.

Figure 4.  Observed profile of (400)c Bragg reflection at 50 
K (tetragonal phase) and at 4.8 K (ferroelectric 
phase). Data is accumulated only above 175° 
area.
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region with new detectors with a smaller diameter 
of φ8. Figure 5 shows the new detector; when the 
present detectors are replaced with these new 
ones, the resolution will be improved drastically, 2/3 
of the Δθ term.
 The next issue is the structure analysis of or-
ganic compounds. Under the increasing demand 
of the structure science with complicated structures 
such as inorganic-organic composite materials, su-
per molecules, pharmaceuticals, biomaterials, etc., 
crystal structure analysis of several small molecules 
of amino acids and peptides such as glycine, ala-
nine and glycyl-glycine, etc., have been performed. 
 Figure 6 shows the Rietveld fitting of deuterat-
ed glycyl-glycine (P21/c, a = 8.819 Å, b = 9.756 Å, 
c = 9.782, β = 104.30°). The fitting was satisfactory. 
Figure 7 shows the crystal structure of deuterated 
α-glycine obtained from the present analysis togeth-
er with that of hydrogenated α-glycine [2]. Because 
of the difference of H and D in the molecule, lattice 
parameters are different, but the obtained atomic 
coordinates are almost the same except the differ-
ences of H and D atoms. In the figure, the reported 

structure and the present result are simultaneously 
drawn with completely overlapped lines. The details 
of the activity of organic materials on SuperHRPD 
will be reported separately. 
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Figure 5.  New position sensitive detector for SuperHRPD. 
The diameter is φ8. 

Figure 7.  Wire-frame drawings of α-glycine based on the 
present analysis with that in reference [2]. Two 
drawings are completely overlapped.

Figure 6.  Rietveld fitting of glycyl-glycine based on the P21/c 
model.
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Development of an Advanced Special Neutron Powder Diffractometer 
under Extreme Environment for Materials

1. Introduction
 The progress of technological innovation in 
rechargeable batteries is attracting much atten-
tion to overcome the issues of greenhouse gas 
emissions and to solve the limitation of the fossil 
energy resources. Despite the impressive growth 
of the utilization of nickel-metal hydride batteries 
and lithium ion batteries, the advancement and 
innovation of the technology is too slow and the 
scientific understanding underling the battery 
technology lags. 
 When the lithium ion battery starts to give elec-
tric power to a system, lithium-ions transfer be-
tween the positive and negative electrodes. The 
structural change of the two electrodes after the 
transformation of lithium ions through the inter-
faces between each electrode and the electrolyte 
solution is very important not only from a scientific 
viewpoint but also from a technological one. The 
information of the structural changes of the two 
electrodes and the location of the lithium ions will 
give us guidelines for improvement of the present 
lithium ion battery and the invention of an out-of-
the-box battery. 
 In order to clarify the structure of the positive 
and negative electrodes and the interface between 
the electrode and electrolyte solution at an atomic 
level, a new neutron powder diffractometer, SPICA, 
has been designed and constructed as one of the 
state-of-the-art measurement apparatuses. It is well 
known that neutron is a more powerful probe to get 
information about the location and movement of 
light elements like hydrogen and lithium atoms in 
comparison with X-ray.

2. Present status
 The SPICA diffractometer is installed at the BL09 
beam line with the decoupled-poisoned moderator 
and the flight path from the moderator to the sample 
position is L1 = 52 m to achieve high resolution. The 
sceneries of the assembling work of the main units 

of the SPICA diffractometer and the installation op-
eration of the T0 chopper are shown in Figure 1(a), 
(b) and (c), (d), respectively. 
 As shown in Figure 2, the diffraction of NIST-
TiO2 powder was measured in order to check 
up the counter systems (low angle, 90˚ angle, 
high angle and back scattering) and their per-
formance. All diffraction profiles indicate good 
signal-to-noise ratio, that is, low background. The 
best resolution was recognized to be less than 
0.09%. The good performance, low background 
and high resolution, of the SPICA diffractometer 
will allow us to analyze the detailed structure and 
its change of the battery element materials dur-
ing the discharge and charge cycles in an in-situ 
measurement.
 Various kinds of apparatuses have been es-
tablishing for ex situ and in situ measurements of 
battery element materials under a wide variety of 
special environments. Figure 3 shows the auto-
matic sample changer that can load 40 samples. 
Using the equipment, 40 samples can be mea-
sured in ex situ condition automatically and in 
continuity. 

Figure 1.  The construction of the SPICA diffractometer (a), 
(b) and the installation of the T0 chopper (c), (d).
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Figure 3.  The automatic sample changer for the ex situ 
measurement.
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BL10: NOBORU

 NOBORU was one of the day-1 instruments at 
MLF, it conducted an user program since 2008. In 
FY 2012, 19 general use proposals, 2 project use 
proposals and 1 urgent proposal were approved 
and carried out at NOBORU. The availability of the 
beam-line was 100%. Some notable results were 
obtained using NOBORU this year (see Science 
Highlights in this report).
 The biggest issue of NOBORU was that lack of 
working space and difficult accessibility for setup 
and clearance of each experiment. As shown in the 
top segment of Fig. 1, the delta of BL10 was wedged 
between BL09 and BL11 with an added large ca-
pacitor bank for the experiment using pulsed high 

magnetic field. We decided to move it under the 
cable rack of BL10. The operation was completed 
in September by the MLF stuff, as shown in lower 
segment of Fig. 1. A minimum depository space for 
the experimental apparatus was also saved.
 NOBORU serves not only the R&D for TOF-
imaging, but is also used in conventional radiogra-
phy. An Electron Multiplying CCD (EM-CCD) camera 
was purchased and its optical components were in-
vestigated. Figure 2 demonstrates the capability of 
this camera. We confirmed that its best resolution 
exceeds that of neutron-IP (BAS-2500 system; 50 
μm) with a field of view smaller than 5 cm. The CT 
software for this camera will be available in FY 2013.
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Figure 1.  Working space of NOBORU in early September 
(upper) and in the end of September (lower).

Figure 2.  Neutron radiograph of a Siemens star developed 
in PSI [1]. The values at the red arrows indicate 
the pitch of the Gd absorber. 
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BL11: Performance of High Pressure Neutron 
Diffractometer PLANET

 PLANET is a powder neutron diffractometer built 
specifically for high-pressure conditions. The construc-
tion was finished in March 2012 and the commission-
ing started from April 2012. Here, we introduce the 
beamline performance revealed in the commissioning.

Resolution of the diffraction pattern
 Figure 1 shows the diffraction pattern of Si pow-
der in standard V capillary. The resolution of the dif-
fraction pattern was found to be Δd/d~ 0.6% over 
whole d-range. This value is almost the same as the 
designed value of Δd/d~ 0.5%.

Elimination of the sample surrounding materials
 In the high-pressure experiments, the sample 
is surrounded by various materials, such as MgO 
sample container, graphite tube heater and ZrO2 

pressure transmitting medium (see Fig. 2). To ana-
lyze the crystal and liquid structures precisely, the 
elimination of the scattering from the sample sur-
rounding materials is indispensable. For this pur-
pose, PLANET is equipped with the severe collima-
tor system of the incident 4D slit and the radial colli-
mators. This system can confine the gauge volume, 
typically 3 mm × 3 mm × 3 mm, which enables us to 
obtain the information almost only from the sample 
in the high-pressure cell designed for high-pressure 
and high-temperature experiments (see Fig. 3).

High-pressure experiments
 Figure 4 shows the pressure generated with the 
multi-anvil press “ATSUHIME”. By using WC anvils, 
we can approach the pressure of 7.7 GPa (for Bi III-V 
transition). This result indicates that we can conduct 
high-pressure neutron experiments at 10 GPa using 
a relatively large sample with a volume of 21 mm3. 
 Figure 5 shows the pressure dependence of the 
diffraction pattern of Si powder. When increasing the 
pressure, the intensity was severely reduced due to the 
decrease in the anvil gap. The exposure time needed 
for collecting 20k counts for Si220 is shown in Fig. 6. 

Figure 1.  Diffraction pattern of Si powder (NIST #640b) in a V 
capillary. 

Figure 2.  Typical cell assembly to be used in the high-pres-
sure and high-temperature neutron diffraction.

Figure 3.  Diffraction patterns of the Forsterite (Mg2SiO4) in 
the high-pressure cell (see Fig. 2) with (upper) and 
without (lower) the radial collimators. The scattering 
from the sample surrounding materials completely 
vanishes with the use of the radial collimator.
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 This beamline opened for project members in 
Nov. 2012 and will be opened for general users in 
Feb. 2013. This project is supported by Grant-in-Aid 
for Creative Scientific Research (19GS0205) from 
the Japan Society for Promotion of Science and 

Grant-in-Aid for Scientific Research on Innovative 
Areas (No. 20103001) from the Ministry of Education, 
Culture, Sports, Science and Technology (MEXT) of 
Japan.
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Figure 4.  Pressure generation curve of the 6-axis multi-anvil 
press, where TEL and PM mean the truncation 
edge length of the anvil and the size of the pres-
sure transmitting medium, respectively.

Figure 5.  Pressure dependence of the diffraction pattern of Si powder.

Figure 6.  Exposure time needed for collecting 20k counts 
for Si220, which is estimated from the anvil gap- 
intensity relation and the pressure dependence of 
anvil gap. The electric power shown in the figure 
represents that of the proton beam supplied by the 
accelerator.
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High Resolution Chopper Spectrometer at BL12

1. Introduction
 The High Resolution Chopper Spectrometer 
(HRC) is being operated at BL12 to study the dy-
namics in condensed matters with high resolutions 
using relatively high energy neutrons. A research 
project using the HRC is being conducted to estab-
lish a comprehensive picture of the condensed mat-
ter physics by observing a wide range of correlated 
electron systems. We selected some topics among 
the experiments and focused on the following four 
points of view: novel ground states in low dimen-
sional quantum spin systems, interactions among 
spin, charge, orbital and lattice in electron systems 
with strong or medium electron correlations, origin 
of magnetism in ferromagnetic metals, magnetism 
related to characteristic structures in strongly corre-
lated electron systems. We performed experiments 
involving these subjects.

2. Instrumentation
 For this purpose, we implemented the following 
improvements in the HRC. As a result, in particular, 
the neutron Brillouin scattering (NBS) experiments 
became feasible [1].
 A collimator system, composed of slits of vertical 
cadmium sheets, was installed just upstream of the 
sample in order to reduce the background noise. 
The collimators with collimation of 0.3° and 1.5° are 
mounted in the system, each of the two can be se-
lected by an elevation mechanism with a motor con-
trol. On the HRC, position sensitive detectors (PSD) 
are mounted at the scattering angles φ = 3 - 42° 
for conventional inelastic neutron scattering experi-
ments, the background noise for these experiments 
was successfully reduced by using the 1.5° collima-
tor. Also, PSDs are mounted at low angles down to 
φ = 0.5°, the 0.3° collimator can reduce the back-
ground in this low angle part. This 0.3° collimator is 
effective for NBS.
 The computer environment consists of data 
analysis software and an experiment control plat-

form. The data analysis software was improved 
in the following points: the intensity normalization 
process for the inelastic neutron scattering from 
powder samples was improved, the analyzed data 
were transformed to the standard Mslice format for 
convenience of the users, and the alignment of the 
sample crystal became very easy. The experiment 
control platform was also improved, so almost all 
the hardware on the HRC can be controlled from 
the computer terminal and these operations can be 
connected with the data acquisition (begin/end of 
running). In addition, a conceptual design was per-
formed to improve the analysis software and the ex-
periment control platform .
 For conventional inelastic neutron scattering 
experiments, 128 pieces of 2.8 m-PSDs, which are 
mounted into two detector banks, cover φ = 3 - 42° 
at present. PSDs for the next detector bank were 
purchased, and will be installed soon. 
 The cryopump is being operated to provide high 
vacuum in the scattering chamber. The algorithm 
of the regeneration process of the cryopump was 
improved, and so its full pumping capacity became 
available. 
 The scattering chamber and its vacuum system 
were installed in 2009. The maintenance work for 
them was performed. In particular, the normal prop-
erty of the large thin Al window on the surface of 
the chamber, designed on the assumption of a finite 
lifetime due to permitting the plastic deformation of 
the window, was confirmed. 
 To cool the sample down to 4 K stably, a GM-
type refrigerator was installed. 
 Since the cadmium slits were successfully oper-
ated for the incident beam collimator, an oscillating 
radial collimator was manufactured for the collima-
tion of the scattered neutron beam. Its performance 
will be investigated soon.
 A deck connecting the space of BL12 to the mez-
zanine was constructed, completing the mezzanine 
in the 1st experimental hall.
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3. NBS Experiments
 The NBS, which is inelastic neutron scattering in 
the forward direction, provides a promising way to 
observe ferromagnetic spin waves in polycrystalline 
samples. By improving the collimation as mentioned 
above, the NBS became feasible on the HRC. We 
successfully determined the spin wave dispersion 
relations of La0.8Sr0.2MnO3 and SrRuO3, by using 
polycrystalline samples [1], as shown in Fig. 1. 

References
[1]  S. Itoh, Y. Endoh, T. Yokoo, D. Kawana, Y. 

Kaneko, Y. Tokura, and M. Fujita, J. Phys. Soc. 
Jpn. 82 (2013) 043001.

Figure 1.  Spin-wave dispersion curves for La0.8Sr0.2MnO3 
and SrRuO3 determined on the HRC. The solid 
lines are fitted curves. The dashed line is the 
upper boundary accessible with a conventional 
spectrometer.
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BL14 AMATERAS

1. Introduction
 JFY2012 was the 4th year since AMATERAS [1] 
(Fig. 1) has been opened to users. Fortunately, 
AMATERAS did not suffer any serious after effects 
from the earthquake in 2011. However, we encoun-
tered several problems, which caused a certain 
amount of beam time loss in JFY2012. In the course 
of the instrumental activities, we performed mainte-
nance, tests and development of the auxiliary devices  
and made efforts to improve the spectrometer. It 
should be also reported that Dr. Yukinobu Kawakita 
has joined our group since the end of this fiscal year.

2. Instrumental Activities
 In JFY2012, 36 days of beam-time were spent 
as instrument-group-use. In the end of JFY2011, we 
found deformation of one of the disks of the high-
speed disk-choppers, and had to stop the operation 
of this disk, which caused limitation of the achiev-
able resolution and loss of intensity. A new disk was 
delivered in the beginning of JFY2012, and we car-

ried out the replacement and commissioning of the 
new disk. Other maintenance works involving the 
detector electronics and other devices have been 
also done. 
 We also made efforts to develop auxiliary devices 
and improve the spectrometer performance. An 
oscillating radial collimator (ORC) was developed 
by the MLF in-house staff. After off-beam and on-
beam tests (Fig. 2), the ORC was used in an actual 
experiment in January, 2013. The further efforts to 
reduce the background continued. The time-inde-
pendent background became a serious problem in 
some users’ experiments. We spotted the floor un-
der the scattering chamber as one of its sources. 
Additional shielding on the floor is under prepara-
tion. In the course of the study of the beam transport 
to increase the flux at the sample position, we have 
replaced the end section of the guide mirror with 
higher-performance one. The increase in the flux 
was as expected. As a response to this result, we 
ordered 8.6 m of new mirror, which will be installed 

Figure 1.  AMATERAS in November, 2012.
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in 2013 together with the re-alignment work of the 
full beam-transport.
 AMATERAS experienced series of problems. 
During one of the users’ experiments, a sample 
stick was unexpectedly blown out from user carry-in 
Orange cryostat due to a sudden evaporation of the 
condensed air inside the sample space. Fortunately, 
there were neither injuries nor serious damage of 
the instruments. However, the investigation of this 
accident stopped the AMATERAS operation for 
three days. Also, the user program was interrupted 
twice due to troubles of a cryostat and the beam 
shutter controller. These problems caused beam-
time loss. The main part of the loss was covered 
by the instrument-group-use beamtime to minimize 
the effect to the user activities. Some of the planned 
instrumental study and commissioning were can-
celled or postponed to JFY2013. 

3. User Program
 AMATERAS accepted two project use proposals, 
27 general use proposals, including four reserved 
ones, and one urgent use proposal in JFY2012. The 
accepted project use proposals are ‘Research on 
structure and electronic properties of functional ma-
terials by AMATERAS spectrometer’ (PI: T. Masuda) 
and ‘Project research on structure and dynamics of 
protonic, superionic and amorphous functional ma-
terials’ (PI: Y. Kawakita). The general use propos-
als reflect the wide variety of their research fields. 
It is notable that more than 2/3 of them were in the 
field of condensed matter physics. Two proposals 
of them were cancelled because of problems in the 
sample preparation. Two other proposals were in-
terrupted or had their beam time reduced due to the 
problems mentioned in Section 2.
 We have used a bottom-loading 4He closed-cycle 
refrigerator for most experiments as a standard sam-
ple environment (SE) equipment of AMATERAS. In 
this fiscal year, other SE equipments such as user’s 
carry-in and BL-common use ones were required 
more than before. A project use experiment used a 
high-temperature furnace by setting into the ORC to 
cut off neutrons scattered at niobium heaters, radia-
tion shields and outer vacuum chamber. An Orange 
cryostat, which was used for a general use experi-
ment, is quite useful for low-temperature experi-
ments. Since some safety problems were pointed 
out on its sample stick through the investigation of 
the accident, we will improve the design for the stick 
and make a new one in JFY2013.
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Figure 2.  Test of a new oscillating radial collimator.
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Development and Commissioning of TAIKAN

 The small and wide angle neutron scattering 
instrument TAIKAN (BL15) has been developed to 
characterize microstructures or hierarchical struc-
tures precisely and efficiently with a 1 MW spallation 
neutron source at the J-PARC. 
 TAIKAN’s main set of components includes: 
optical devices, 4 choppers (3 disk choppers and 
a T0 chopper), a sample stage, a vacuum scat-
tering chamber, 4 detector banks (small-, middle-, 
and high-angle, and backward detector banks) with 
3He PSD tubes with 8 mm in diameter and about 
0.6 MPa in 3He gas pressure, and a ultra-small-
angle detector bank with a high-resolution 2-dimen-
sional detector.
 Figure 1 shows the small-, middle-angle detector 
banks in the vacuum scattering chamber, and the 
high-angle detector bank in the atmosphere. The 
3He PSD tubes were added on the middle-angle de-
tector bank in FY2012. The numbers of 3He PSD 
tubes were increased to 632, 304, and 104 for the 
small-, middle-, and high-angle detector banks, re-
spectively.

 Figure 2 shows the backward detector bank 
and a sample changer on the sample stage. On 
the detector bank 48 3He PSD tubes were installed 
to make the maximum q value, qmax, 250 nm-1 at 
the maximum scattering angle of 2θmax = 160o and 
0.05 nm in neutron wavelength.
 Figure 3 shows a chamber of an ultra-small-
angle detector and a N2 neutron beam monitor on 
an exchanger in the vacuum scattering chamber. 
A high-resolution 2-dimensional scintillation detec-
tor with an active size of about 5 inch in diameter 
and a spatial resolution of about 0.5 mm will be in-
stalled in the chamber in FY2013. The N2 neutron 

Figure 1.  Small-, middle-, and high-angle detector banks.

Figure 2.  A backward detector bank and a sample stage.

Figure 3.  A chamber of an ultra-small-angle detector (right) 
and a N2 neutron beam monitor (left).
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beam monitor is a low efficiency detector developed 
for monitoring an intense neutron beam produced 
by the spallation neutron source at the J-PARC. 
In TAIKAN two N2 neutron beam monitors are in-
stalled. One is installed at the position shown in 
Fig. 3, and the other is installed directly upstream of 
the sample stage. These N2 neutron beam monitors 
are used to measure the neutron flux of an incident 
beam and the transmission of a sample for normal-
izing the neutron scattering intensity.
 The characteristic of TAIKAN was evaluated with 
a neutron beam. Figure 4 shows a neutron scatter-
ing profile of a standard sample of glassy carbon 
with thickness of 1 mm, which was obtained with 
the small- and middle-angle detector banks, and the 
backward detector bank. The beam size at the sam-
ple position is 10 mm × 10 mm. The neutron wave-
length used in data analysis is from 0.07 to 0.76 nm. 

Both Guinier region and Porod region had been ob-
served with only the small-angle detector bank so 
far, but a diffraction profile was also observed suc-
cessfully in the q region of about 6 - 160 nm-1 with 
the middle-angle and backward detector banks. It 
was confirmed that the diffraction originated from 
the glassy distribution of carbon atoms. On the fig-
ure an USAXS profile measured by Dr. Ilavsky of 
APS is also plotted in arbitrary unit as a reference.
 The sample changer shown in Fig. 2 has been 
mostly used by users. A 10-sample set in sample 
holders can be mounted simultaneously on the 
sample changer. The temperature of the samples 
can be controlled between 5 and 80oC. Figure 5 
shows a 1Tesla-electromagnet for the experiment 
of magnetic materials. In order to cool a sample, a 
4K-cryostat can be installed into the electromagnet.

Figure 5.  A 1Tesla-electromagnet with a 4K-cryostat.Figure 4.  Scattering profiles of glassy carbon.
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Free Liquid Interface Measurement Using Horizontal Type 
Neutron Reflectometer SOFIA

 Neutron reflectometry (NR) is greatly valid for 
investigations on structures of surfaces and buried 
interfaces composed of soft materials. A beam line 
(BL) 16 in J-PARC/MLF is dedicated for a horizontal 
type neutron reflectometer. At BL16, two downward 
neutron beams (2.22° and 5.71°) are transported 
from a coupled hydrogen moderator to irradiate free 
surface such as air-water interface. In order to real-
ize a neutron reflectivity measurement with a high 
flux neutron beam at J-PARC/MLF as early as pos-
sible, we started to accept the neutron beam with 
“ARISA-II” reflectometer relocated from the KENS 
facility in 2008 [1]. However, the motion range of 
the slits, sample and detector stages were so short 
that only the 2.22° beam line at BL16 was used, be-
cause the components of ARISA were not designed 
for this beam line. This is a serious disadvantage 
in an air-liquid interface measurement to observe 
high-q region with a high incident angle.
 To overcome this problem, ARISA-II was re-
placed with a brand-new reflectometer “SOFIA 
(SOFt-Interface Analyzer)” in 2011 through the col-
laboration between JST/ERATO and KEK [2, 3]. 
Figure 1 shows a schematic drawing of SOFIA in 
the experimental hutch. With the new slit, sample, 
and detector stages, we can accept the 5.71° beam 
line as well as the 2.22° beam line. This enables 

us to measure NR over wide scattering vector (q) 
region on free liquid surfaces. Also, the slit system 
can finely collimate to irradiate an area of 10 mm × 
10 mm, a typical sample size for synchrotron light 
sources, with an angular resolution of 3%.
 The regulation to treat liquid sample was, how-
ever, very strict and it was not allowed to measure 
air-liquid interface in J-PARC/MLF. This year, this 
regulation was drastically relaxed and the air-liquid 
interface measurement was permitted. For this mea-
surement, a Langmuir trough was newly installed to 
create a monolayer on a free water surface (Fig. 2). 
The result of the test measurement shows a clear 

Figure 1.  Side view of SOFIA reflectometer placed at BL16 in J-PARC/MLF.

Figure 2.  New Langmuir trough to create a monolayer on a free 
water surface for neutron reflectivity measurement.
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fringe, which originated from a partially deuterated 
stearic acid monolayer (Fig. 3). Thanks to the high 
flux beam of J-PARC/MLF, only 30 minutes are 
enough to take good statistics, which is 10 times 
less than that of KEK-PS. The background level 
is, however, still high due to neutrons hitting at the 
trough. To solve this problem, we are developing a 
neutron absorber to suppress the background.
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Figure 3.  Neutron reflectivity profiles from air/heavy water 
interface and from air/stearic acid/heavy water in-
terface.
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BL17: Polarized Neutron Reflectometer SHARAKU

1. Introduction
 SHARAKU （写楽）, named after the famous 
Japanese ukiyo-e printer, is a polarized neutron re-
flectometer [1]. The installation was completed at the 
end of 2011, and the user program started in 2011B. 
Twelve general researches and four project research-
es were conducted in fiscal year 2012, although we 
were still working to upgrade the reflectometer espe-
cially for the polarized neutron reflectometry [2].

2. The basic performance of the reflectometer
2.1 Specular Reflectivity down to 10-7

 We achieved a measurement of the specular 
reflectivity down to the 10-7 order using unpolarized 
neutrons without any background subtraction (Fig. 1). 
The sample is a Ni/Ti multilayer on a Si substrate. The 
thickness of both Ni and Ti layers in the bilayer is ap-
proximately 5 nm each, and the number of the stacks 
is 20. Fringes are clearly observed in the q-region be-
tween qc of the total reflection and the 1st Bragg peak.

2.2  Performance of the polarizing devices (po-
larizer, analyzer, and spin flipper)

 The key devices of the polarized neutron reflec-
tometers are a polarizer, an analyzer, and a spin-flip-
per. The polarizer of this reflectometer consists of 4qc 
Fe/Si polarizing supermirrors which align with double-
transmission geometry, and a stack of the same 4qc 

Fe/Si polarizing supermirrors are used for the analyz-
er. Both devices were fabricated by Swiss Neutronics. 
Two-coil spin flippers are employed to flip the polar-
ized neutron spin before and after the sample. 
 Wavelength dependences of flipping ratios are 
plotted in Fig. 2, and those of a product of polariz-
ing efficiency of the polarizer and the analyzer, pp, 
and flipping efficiencies of the flippers, f1, and f2 are 
shown in Fig. 3. The efficiencies indicated in Fig. 
3 are calculated using the values in Fig. 2. Figure 
3 indicates that the polarizer, the analyzer, and the 
two spin flippers, all work very well. The maximum 
flipping ratio is approximately 50 for the 0.3 nm 
neutron, and linearly decreases with increasing the 
wavelength. There is no additional fine structure in 

Figure 1.  Specular reflectivity of a Ni/TI multilayer using un-
polarized neutrons.

Figure 2.  Flipping ratios according to status (active or inac-
tive) of each spin-flipper.

Figure 3.  Polarizing efficiency, and flipping efficiencies of 
the devices for polarized neutrons.



107Neutron Science

the flipping ratios and the efficiencies. It enables us 
to do a simple data correction.

3. Sample environment equipment
 An external magnetic field is indispensable to the 
reflectometry of magnetic multilayers. A conventional 
electromagnet is usually used for the experiments. 
This magnet is water cooled and produces magnetic 
fields of up to 10 KOe. We have a cryocooler which 
can control the sample temperature between 3 K and 
the ambient temperature. A superconducting magnet 
that produces a magnetic field of up to 70 kOe has 
been introduced to MLF. This magnet is also avail-
able. Reflectivity measurements can be performed 
down to 50 mK under magnetic fields up to 70 kOe in 
combination with a 3He variable temperature insert.
 As the first user of the 7T magnet, we conducted 
the initial performance test in collaboration with the 
sample environment (SE) team of MLF. The magnet 
successfully generated magnetic fields of up to 70 
kOe. Then, polarized neutron reflectivity measure-
ments in a general use program were performed us-
ing this SM at low temperatures.
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Figure 4.  The 7 T superconducting magnet on the sample 
table of SHARAKU.
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BL18: Status of SENJU

 SENJU is a new TOF single-crystal neutron dif-
fractometer designed for precise crystal and mag-
netic structure analyses under multiple extreme en-
vironments such as low-temperature, high-pressure 
and high-magnetic field, and also capable of taking 
diffraction measurements of small single crystals, 
less than 1.0 mm3 in volume.
 Just after the launch of SENJU in March, 2012, 
primary conditionings and test diffraction measure-
ments were undertaken as shown in the MLF an-
nual report for 2011. Subsequently, we determined 
several instrumental parameters by diffraction mea-
surement of a standard sample, tested newly in-
stalled devices (7T magnet and high-pressure cell), 
and undertook a structure analysis of a very small 
organic crystal in order to present the performance 
of SENJU. 

1. Determination of instrumental parameters
 Instrumental parameters such as the flight path 
(L1 and L2) and the positions of detectors have to be 
established initially to successfully do any measure-
ments on the instrument. The angular positions of 
the detectors were determined by observing some 
Bragg reflections on each detector and rotating 
an NaCl single crystal several times little by little 
(Fig. 1). From these data, the scattering plane and 
the vertical angles of the detectors from the scat-
tering plane were determined. These values were 
confirmed to coincide well with the designed values. 

2. On-beam tests of new devices
 On-beam commissioning of newly installed sam-
ple environment devices, a 7T longitudinal mag-
net and a high-pressure cell, were carried out on 
SENJU.
 The magnet (empty) was set in the vacuum 
chamber of SENJU and exposed by a neutron beam 
at room temperature. Figure 2(a) shows a diffraction 
image of all detectors. Although the upper and lower 
detectors were hidden by the magnet, all equatorial 
plane detectors and the bottom detector are avail-
able for diffraction measurement with the magnet. 
Figure 2(b) shows the 1st frame (0.4~4.4 Å) time-
of-flight neutron spectrum of the detector #14 from 
the magnet. As expected, many Bragg peaks from 
the magnet were observed. On the other hand, as 
shown in Fig. 2(c), there is no Bragg peak from the 
magnet in the spectrum of the 2nd frame (4.4~8.8 Å), 
an important wavelength region for measurement 
of magnetic reflections in the field of materials sci-
ence. 
 A compact clamp type high-pressure piston-
cylinder cell (< 2 GPa) made from copper-beryllium 
alloy (Fig. 3(a)) was also tested on SENJU. A tau-
rine single crystal (3 mm3 in volume) was enclosed 
in the pressure cell together with deuterated glyc-
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erol and pressurized up to 1 GPa. The accelerator 
power was 300 kW and the exposure time was 6 
hours. Even through the pressure cell, many distinct 
Bragg reflections from the taurine were observed as 
shown in Fig. 3(b). The result shows that this piston-
cylinder cell is available enough as one of the high-
pressure environments of SENJU.

3.  Structure analysis of a sub-millimeter size 
organic single crystal

 Structure analysis of sub-millimeter size crystals 
is one of the most important purposes of SENJU. 
We tried a structure analysis of a taurine crystal with 
0.1 mm3 (φ0.6 mm) volume by using SENJU. The 
measurement temperature was room temperature 
and the accelerator power was 260 kW. The total 
exposure time was 7.5 days (6 crystal orientations 
× 30 hours exposure). Figure 4 shows a diffraction 

image. Finally, 980 reflections (I > 4σ(I)) were ob-
served and the dmin value was 0.7 Å. In structure re-
finement, the atomic positions and anisotropic dis-
placement parameters of all hydrogen and non-hy-
drogen atoms were refined. The number of refined 
parameters was 129 and all of them had reasonable 
values. The final R-value was 7.14% (I > 4σ(I)). This 
result suggests that structure analysis of a 0.1 mm3 
size will be available by few days measurement 
when the accelerator power achieves 1 MW.

4. User program
 The user program of SENJU started from the 
2012A period. Three general proposals were con-
ducted in 2012A, and another seven in 2012B. In 
addition, one trial use and six project uses were 
also carried out.

T. Ohhara1, R. Kiyanagi2, T. Kawasaki2, K. Oikawa3, I. Tamura2,4, K. Kaneko2,5, A. Nakao1, T. Hanashima1, and K. Munakata1
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Figure 3.  (a) Photo of the piston-cylinder cell. (b) Diffraction 
image and a TOF profile of the taurine crystal in 
the cell.

Figure 4.  Diffraction image of a sub-millimeter size taurine 
single crystal. 
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BL19-TAKUMI
 Engineering Materials Diffractometer

1. General Information
 2012 FY was a fruitful year for TAKUMI af-
ter its recovery from the damages caused by the 
Tohoku earthquake. The re-commissioning after 
the earthquake was performed continuously while 
implementing the user programs. TAKUMI thanked 
repeated users and new users with their amazing 
research themes. They conducted experiments re-
lated not only to the residual strain mapping, but 
also to various kinds of in situ measurements which 
covered loading experiments at RT, high tempera-
tures and low temperatures, thermal treatments and 
trials of thermo-mechanical simulation.
 Typical topics carried out at TAKUMI during 
2012 FY, which received attention from their relat-
ed fields, were internal strains in an ITER central 
solenoid conductor sample [1], internal strains in 
a rebar embedded in an air-cured concrete, nano 
bainite transformation behavior associated with pre-
martensite transformation, TRIP steels deformation 
behavior [2] and deformation behavior of LPSO Mg-
Zn-Y alloys. An ITER conductor sample, in a shape 
as used in a performance test of cyclic current at 
high magnetic fields, was used in the experiment 
to fix the origins of the performance degradation 
during the test. Careful analyses successfully elu-
cidated the role of martensite in TRIP steels during 
plastic deformation.

2. Sample Environments & Software
 Development of new sample environment (SE) 
devices and software upgrades were performed be-
sides re-commissioning of the present SE devices. 
Loading experiments are now able to be controlled 
by strain data measured using strain gauges or ex-
tensometers. The development of software for link-
automatic control of several goniometers and the 
data acquisition system has also been completed.

3. User Programs
 During 2012 FY, TAKUMI accepted and operated 

Figure 1.  Users enjoy their studies; Prof. Fukuda is setting 
his shape memory alloy sample for low tempera-
ture loading (up), while Prof. Kusunoki is discuss-
ing the acquired data with his colleagues (bottom).

Figure 2.  A new fatigue machine has been delivered during 
2012 FY.
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user programs as the way it did before the earth-
quake. There were 42 approved proposals including 
project researches and one instrumental use, while 
the number of unapproved and reserved proposals 
was only 8. Four proposals for propriety uses were in-
cluded in the approved proposals. MLF operated ap-
proximately 200 days during 2012 FY, and the beam 
time allocations in TAKUMI are shown in Figure 3.
 As shown in Figure 3(a), the beam time for the in-
strumentation, including re-commissioning after the 
earthquake, maintenances, upgrading works etc., was 
only about 15% of the total, while the rest of the beam 
time was used for the user programs. When the beam 
time allocation is classified according to the type of ex-
periment, as shown in Figure 3(b), the percentage of 
strain mapping is only 24%, while that of various kinds 
of in situ studies is more than 50%. The percentage of 
studies related to the earth science using high pres-
sure devices is about 10%, even the project research 
related to the neutron diffraction under high pressure 
condition has been finished in 2011 FY.
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The Current Status of the Versatile Neutron Diffractometer, 
iMATERIA

1. Introduction
 Ibaraki prefecture, the local government in Japan 
in the area where the J-PARC sites are located, 
has decided to build a versatile neutron diffrac-
tometer (IBARAKI Materials Design Diffractometer, 
iMATERIA [1]) to promote industrial applications for 
the neutron beam in J-PARC. iMATERIA is planned 
to be a high throughput diffractometer so that ma-
terials engineers and scientists could use it like the 
chemical analytical instruments in their materials de-
velopment process.
 This diffractometer is designed to look at a 
decoupled-poisoned liquid hydrogen moderator 
(36 mm, off-centered) (BL20), and to have the in-
cident flight path (L1) of 26.5 m with three wave-
length selection disk-choppers and straight neutron 
guides with a total length of 14.0 m. The instrumen-
tal parameters are listed in Table 1. There are four 
detector banks including a low angle and a small 
angle scattering detector bank. The angular cover-
age of each detector bank is also shown in Table 1. 
The rotation speeds for the disk-choppers are the 
same with a pulse repetition rate (25 Hz) for the 
most applications (normal mode). In this case, the 
diffractometer covers 0.18 < d (Å) < 2.5 with Δd/d = 
0.16% and covers 2.5 < d (Å) < 800 at three detector 
banks of 90 degree, low angle and small angle with 
gradually changing resolution. When the speed for 
the wavelength selection disk-choppers is reduced 
to 12.5 Hz (wide-d mode), we can access a wider 
d-range, 0.18 < d (Å) < 5 with Δd/d = 0.16%, and 5 < 
d (Å) < 800 with gradually changing resolution.
 The automatic sample changer system [2] is most 
important sample environment for high through-
put experiments. The automatic sample changer 
system consisted of large number of sample stor-
age and two lines of elevating system, pre-vacuum 
chambers and sample rotating tables. So, this we 
can handle more than 600 samples continuously 
at room temperature without breaking a vacuum of 
sample chamber.

2. Current status
 The three banks (high resolution bank (BS bank), 
special environment bank (90 degree bank) and low 
angle bank) are user operational. It takes several 

L1 26.5 m
Guide length Total 14 m (3 section)

Position of Disk choppers 7.5 m (double)
11.25 m (single)
18.75 m (single)

High 2θ 150˚ ≤ 2θ ≤ 175
Resolution L2 2.0 - 2.3 m

Bank d-range 0.09 ≤ d(A˚) ≤ 5.0˚
Special 2θ 80˚ ≤ 2θ ≤ 100˚

Environment L2 1.5 m
Bank d-range 0.127 ≤ d(A˚) ≤ 7.2
Low 2θ 10˚ ≤ 2θ ≤ 40˚

Angle L2 1.2 - 4.5 m
Bank d-range 0.37 ≤ d(A˚) ≤ 58
Small 2θ 0.7˚ ≤ 2θ ≤ 5˚
Angle L2 4.5 m
Bank d-range 1.69 ≤ d(A˚) ≤ 800

Table 1.  Instrumental parameters of iMATERIA. L2 is the 
scattered flight path. The d-range for each bank is 
the maximum value for 2-measurement mode.

Figure 1.  IBARAKI Materials Design Diffractometer, iMATERIA 
without detector for each bank and instrument 
shielding. The high-resolution bank, special environ-
ment bank (90 degree bank), low angle bank, can 
be seen from right to left. The small angle detector 
bank, which is not shown in picture, is situated in the 
low angle vacuum chamber (left hand of the picture).
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minutes to obtain a ‘Rietveld-quality’ data for the 
X-ray laboratory sized sample measured at 1 MW. 
Currently, the beam power is limited for tuning the 
accelerator (~300 kW), so that the measuring time 
is about 10 to 20 min for about 1 g of standard oxide 
samples.
 In 2012, 81 user groups include 17 of urgent use 
used iMATERIA (60% are industrial users include 
proprietary and urgent use). 
 The beam power became higher than before, it 
is possible to measure the small quantities (few mg) 
samples and the sample containing large neutron 
absorption elements for about one day beamtime. 
Fig.2 shows the Rietveld fitting pattern of for 4.5 mg 
LiCoO2 sample for 20 h at 300 kW beam power. The 

good fitting in Fig.2. is supported that the neutron dif-
fraction experiment from 4.5 mg sample is succeded. 

3. Conclusion
 iMATERIA with four detector banks design for 
wide d range coverage. The wide d coverage and 
the short measuring time for this diffractometer will 
lead to the holistic understanding of materials struc-
ture and their function for materials development. 
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Figure 2.  Rietveld refinment pattern of 4.5 mg LiCoO2 by high resolution bank of iMATERIA using Z-Rietveld. The measurement 
time was 20 h for 4.5 g samples at 300 kW.
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Status of the High Intensity Total Diffractometer (BL21, NOVA)

1. Overview
 NOVA has been opened for general proposals 
since FY2012. Beside upgrading of the sample en-
vironments, the capability of the small sample mea-
surements was improved.

2. Background reduction
 As this is a high-intensity instrument, it is essential 
to reduce the intrinsic background to realize smaller 
sample measurements. Upstream from the sample 
position, Boron-containing concrete (neutron shield-
ing concrete), boric acid resign and iron shield (1 m 
thick along the neutron beam direction) were installed 

to reduce the neutron backgrounds (Fig. 1). Inside the 
vacuum tank and neutron detectors were covered by 
B4C resign. By improving the detector shielding, the 
background reduction of NOVA reached satisfactory 
level. In Fig. 2, the intensities of silica glass, silicon 
power and the intrinsic background of the 90-deg de-
tector bank of NOVA were plotted. The neutron wave-
length range of NOVA is from 0.12 Å to 8 Å. The intrin-
sic background was measured at the same condition 
of the incident beam without anything at the sample 
position. All the intensities were normalized by counts 
of the incident neutron monitor (GEM monitor in 
Fig. 1). The level of the intrinsic background was less 

Figure 1.  Shields of NOVA.
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Figure 2.  Intrinsic background of the 90-deg detector bank of NOVA compared with silica glass and silicon powder. “Empty” cor-
responds to the intrinsic background.
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than 0.1% of the silica glass intensity and less than 
1/10000 of the Bragg peak intensity. Compared to the 
base line of silicon power, which is mainly caused by 
a vanadium cell (0.1 mm thickness), the background 
level is less than 1%. In other words, the background 
of the cell should be reduced.
 The backgrounds of other detector banks tend to 
be larger. To reduce the background, the reduction 
of the max beam size of NOVA, 20 mm × 20 mm, 
should be reconsidered and the optimized collima-
tor should be replaced. 

3. “1 mg sample” measurement
 The low background of NOVA realizes measure-
ment of 1 mg sample. Figure 3 shows the diffrac-
tion pattern of YLiFeH6 provided by Orimo group of 
Institute of Materials Research, Tohoku University. 
This is a new iron based hydride synthesized at 
6 GPa, 600-800ºC. The size of the sample is 800 μm 
in diameter and 200 μm in height. The weight is about 
1 mg. The diffraction patterns of each detector bank 
obtained by 8 hrs of measurements are consistent 
with the simulated diffraction pattern of YLiFeH6

 

(space group: F-43m). So far, the quality of the data is 
not good for Rietveld refinement but it is promising in 
obtaining better quality data improvement of the cell, 
neutron beam size and additional radial collimator. 
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Figure 3.  Neutron diffraction of YLiFeH6 (1 mg).
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Development and Application of an in-situ SEOP 
3
He Neutron 

Spin Filter at J-PARC/MLF

1. Introduction
 We have been developing an in-situ SEOP 3He 
neutron spin filter (NSF) to apply it to pulsed neutron 
experiments at J-PARC/MLF. The 3He NSF works 
for neutrons in a wide energy range, and has a large 
angular acceptance while contributing little scatter-
ing in a small-angle region. Therefore, the 3He NSF 
could be used as a polarization analyzer for small 
angle scattering and reflectometry with pulsed neu-
trons. In this study, we performed demonstration 
of the polarization analysis experiments with our 
developed 3He NSF at the small angle scattering 
instrument TAIKAN (BL15) and polarized neutron 
reflectometer SHARAKU (BL17).

2.  A polarization analysis experiment at TAIKAN 
(BL15)

 In this study, we aimed to divide coherent scatter-
ing from incoherent scattering from a hydrogenous 
sample by polarization analysis using the 3He NSF 
[1]. The sample was silver behenate (C22H43AgO2). 
The incident neutrons were polarized by the mag-
netic supermirror, and the neutron spin polarity was 
controlled by the spin flipper before the sample. The 
polarization of neutrons scattered from the sample 
were analyzed by the 3He NSF. The sample was put 
just before the 3He NSF, where the distance from 

the sample to the 3He NSF was 160 mm. The 3He 
spin filter was located in a position to cover the scat-
tering angles between 0 and 6 degrees.
 The 3He polarization, P3He = 68.4%, and the po-
larity was fixed during the experiment. We mea-
sured the scattering intensities by controlling the 
spin flipper on and off. The radial averages of the 
measured intensities are shown in fig. 1 (a). The 
Bragg peak at q = 1.06 nm-1 was observed both with 
the spin flipper on and off (Fig. 1 (a)), since the po-
larization efficiency of the 3He NSF was not 100% 
for the neutrons. By correcting the effect of finite ef-
ficiencies of the polarizer, analyzer and spin flipper, 
we could successfully obtain the coherent and inco-
herent scattering intensities from the hydrogenous 
sample of silver behenate (Fig. 1 (b)).

3.  A polarization analysis experiment at 
SHARAKU (BL17)

 In this study, we tried to measure the specular and 
off-specular reflections from a magnetic multilayer 
sample by the polarization analysis with the 3He NSF. 
The sample was a Fe/Cr multilayered thin film with 
giant magneto-resistance effect [2]. The incident neu-
tron beam was polarized with Fe/Si supermirrors and 
the polarity was controlled with the spin flipper. The 
neutrons reflected from the sample were analyzed 

Figure 1.  (a) Observed intensities, (b) Coherent and incoherent components.

(a) (b)
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and detected with the 3He NSF and two-dimensional 
position sensitive detector. The 3He NSF worked sta-
bly for 5 days during this experiment with P3He~0.68.
 Figures 2 (a) and (b) show the measured re-
flected intensities obtained with the applied mag-
netic field condition of 200 Oe with the spin-flip and 
non-spin-flip conditions. The specular peak and off-
specular reflection around Qz = 0.08 Å-1 are clearly 
observed in the spin-flip condition, indicating the 

existence of the antiferromagnetic correlations in 
the low magnetic field condition. These results are 
consistent with those reported in ref. [2].
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Figure 2.  The measured reflected intensity with (a) the spin-flipped and (b) non-spin-flipped conditions.
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Progress of Manyo-Library

1. Introduction
 A data analysis environment has been devel-
oped to provide a software framework for neutron 
scattering experiments in MLF. The framework, 
Manyo-Library, has common and generic data 
analysis functionalities for neutron scattering ex-
periments. Manyo-Library provides many kinds of 
functions, for example, data containers, data input/
output functions, data-analysis operators and a dis-
tributed parallel data processing method.
 Data analysis software applications built on the 
first version of Manyo-Library, ver. 0.1, were applied 
to the experiment data. The applications have been 
used in MLF from the day-one [1, 2]. The second 
version of Manyo-Library, ver. 0.2, has been in-
stalled to the neutron scattering instruments in MLF 
and utilized as an infrastructure of data analysis en-
vironment in each instrument. Data analysis efficien-
cy has been improved and many analysis operators 
were developed and appended to the framework.

2. New release
 In FY2012 we reviewed the framework. The ob-
solete functions in the framework were removed and 
the strategy for software development was modified. 
The functions of the framework were divided into two 
parts, the core-library and the MLF-library. The core-
library consists of the data containers, the data input/
output functions and the templates for data analysis 
operators, etc. The MLF-library contains the data 
analysis, especially data reduction, and operators, 
which are commonly used among the MLF instru-
ments. The common data correction functions are 
going to be joined in the MLF-library. The applica-
tions for the inelastic instruments, Utsusemi, and the 
engineering diffractometer, Emaki, etc., were clearly 
separated as the add-on packages from the frame-
work. The reviewed structure of Manyo-Library is 
shown in Fig.1. The latest version of Manyo-Library, 
ver. 0.3, was prepared in last October [3]. It is the 
first release version and consists of the core- and 

the MLF-library. Users can develop add-on pack-
ages for users’ purposes on the framework.

3. Monitoring system with Manyo-Lib.
 Here, we introduce a new application of the re-
leased Manyo-Library. The on-line monitoring sys-
tem, which executes data reduction and visualiza-
tion in the middle of a measurement, is strongly 
required by users. However, we had only a simple 
on-line monitoring provided by the DAQ-Middleware 
[5], which gives users just graphical plots or text data 
with a poor flexibility. On the other hands, the off-
line analysis codes in Manyo-Library provide a lot of 
flexible and useful functions, for example time-de-
pendent data analysis or higher dimension visualiza-
tion. But these codes are not suitable for the on-line 
monitoring because they require a whole event data 
file at a time to analyze, so the data access process 
overloads the DAQ system and takes a lot of time to 
visualize data, especially on a long measurement.
 To realize the on-line monitoring, we developed 
successfully a system to read and analyze only event 
data newly acquired by DAQ by means of repeated 

Figure 1.  The structure of Manyo-Library released this year. 
The data analysis functions of Manyo-Library 
developed in C++ and python languages can be 
shared and called from the add-on packages, 
Utsusemi [4] and Emaki on Python environment.
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observations of data files. This system is made pos-
sible by two developments. One is a new component 
of DAQ-Middleware to make indexes at the same 
time as neutron event recoding in order to enable 
fast access to a part of the event data files. The other 
one is a new function to make histogram by reading 
repeatedly incremental events using the index infor-
mation of the event data files. As a result, a mount of 
events analyzed at a time is minimized and its pro-
cessing time, including the visualization, shortens. 
This system can serve as an on-line monitor. 
 Not only does this system make it possible to take 
incremental events at a moment but it also summa-
rizes all of them. In addition, we can change freely 
the interval time to obtain incremental events and 
the conditions for histogram making, data reduc-
tion and visualization during measuring. By using 
this method, various applications in measurement 
can be carried out on this system. For example, 
we can see the transformation of signal peaks at 
detectors on scanning measurements with drifting 
sample temperature or with moving slits window. In 
addition, the data analysis of the on-line monitoring 
condition finishes when the measurement ends. 
 This monitoring system has already been in-
stalled at BL17, SHARAKU, as shown in Fig.2. This 
is utilized to see the histogram data from the beam 
monitor detector at the beam line by using easy his-
togram viewer, which works almost like an on-line 
monitoring. We will expand this as a common sys-
tem to be used at any instrument in MLF.

4. Future Plans
 We will continue to work on the refining of Manyo-
Library. Some common functions for data correction 
and fitting developed in add-on libraries are going to 
be joined in the MLF-library. And now we prepare man-
uals and binary installation packages for Linux and 
Windows systems. Furthermore, we are discussing 

how to collaborate with the similar framework Mantid 
[6] used in other facilities. These tasks are needed to 
expand further the use of Manyo-Library.
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Activity Report of the Sample Environment at J-PARC/MLF

1. Introduction
 Sample environment (SE) plays an indispens-
able role in achieving the aims of the research-
ers’ experiments and share of technical expertise. 
In this fiscal year, the SE technical team was well 
organized and not only started supporting the user 
experiments in utilizing the SE equipment but also 
joined various experiments to acquire specialized 
knowledge and accumulate experience. In addition, 
the utilities in the SE areas have been equipped 
completely, and the working circumstances have 
been improved.

2. SE equipment and Lending Service
 The SE team has already equipped three piec-
es of SE equipment for common use in FY2011: a 
7 T vertical-field superconducting magnet with an 
asymmetric coil pair (Fig. 1(a)), a 3He-4He dilution 
refrigerator insert, which can achieve 50 mK (Fig. 
1(b)), and a high-temperature furnace with a nio-
bium heater, which can be heated up to 1600°C in 
common use (Fig. 1(c)). In addition to them, a new 
top-loading 4He cryostat with aluminum window (Fig. 
1(d)) was purchased in FY2012. This cryostat can 
be fitted to both goniometers and vacuum scattering 
chambers in various BLs. The system is designed to 
be cooled down to 2 K by pumping the liquid helium, 
and even the dilution refrigerator insert can be set 
into the inner vacuum chamber. 
 The SE technical staff supported the operation 
of the superconducting magnet at BL17 in 2012A 
and at BL18 in 2012B, and the high-temperature 
furnace at BL14 and BL15 in 2012B. Since the SE 
technical staff had little experience and opportu-
nity to operate the SE equipment, we took part in 
some users’ experiments through the operation of 
an Orange cryostat, and 3He cryostat, to acquire ef-
ficiently skills and experience. 
 We have lent SE peripheral apparatus and parts 
such as vacuum pumps, temperature sensors, cryo-
gen containers, vacuum components, and so on. 

The lending service information such as the lending 
procedure and specifications of each apparatus can 
be found on the MLF internal website.

3. KENS SE Equipment
 Some of the SE equipment such as cryostats, 
furnaces, sample changers and goniometers, which 
used to be operated in the KEK neutron facility 
(KENS), were transported to J-PARC in 2011. Since 
we did not have most of the manuals, drawings, 
and peripheral apparatus and parts such as the 
cables and controllers, we had to investigate their 
structures, make up for the missing parts, and then 
check their safety in a test run. They can be reused, 
for instance as equipment for calibrating the tem-

Figure 1.  Common SE equipment managed by the SE 
team: (a) superconducting magnet, (b) dilution re-
frigerator insert, (c) high-temperature furnace and 
(d) 4He cryostat.
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perature sensors or as spare machines, after repair 
and modification to comply with the SE protocol.

3. SE Area
 We have SE preparation areas in the MLF 1st 
and 2nd experimental halls to prepare and re-
pair the SE equipment and to maintain its perfor-
mance. Their utilities were obviously insufficient to 
do the tasks, because only electric power supplies, 
equipped as utilities at the first stage in FY2011, 
were available. In this fiscal year, we have equipped 
the other utilities such as water cooling, helium re-
covery, compressed air and exhaust gas line sys-
tems as well. Though the working circumstances 
are gradually being improved, the SE areas must 
be enlarged enough to manage the SE equipment 
whose number will increase in the future. 

4. SE Workshop
 The 7th International Workshop on Sample 
Environment at Neutron Scattering Facilities was 
held in Sydney, Australia, 17-20 September 2012. 
There were 52 participants including 6 members from 
J-PARC/MLF. S. Ohira-Kawamura reported on the 
current status of SE in MLF, and K. Munakata gave 
a talk about the introduction of CROSS and a high-
pressure apparatus for neutron diffraction at low tem-
perature. In this workshop, it was proposed to newly 
organize an international society for SE (ISSE) to ac-
tivate collaborations and information sharing among 
the facilities. The site tour on ANSTO (Australian 
Nuclear Science and Technology Organisation) was 
scheduled at the final day of the workshop, and we 
visited the neutron experimental hall. The next SE 
workshop will be held near ISIS, UK, in 2014.

Y. Yamauchi1, T. Yokoo1,2, S. Ohira-Kawamura1, Y. Kawakita1, and W. Kambara1

1Neutron Science Section, Materials and Life Science Division, J-PARC Center; 2Institute of Materials Structure Science, KEK
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Activity Reports of the Chemical Safety Group in MLF

 Working safety groups in MLF such as radia-
tion, chemical, equipment, electricity, gas, and laser 
have been organized, to assure the safety and to 
support users. The chemical safety group has been 
designated to be one of them. The group is com-
posed of thirteen members from J-PARC (JAEA and 
KEK), CROSS, and IBARAKI prefecture. Figure 1 
shows the tasks of our group and the application 
process for a user experiment in MLF. We have four 
main tasks consisting of double review of samples’ 
chemical safety, information management of sam-
ples, support of user’s sample preparation, and 
maintenance of the sample preparation rooms in 
MLF. The 1st chemical safety review is performed on 
the samples in the experiment proposal submitted 
by users. We confirm their safety and the reactiv-
ity of samples and cells in the condition of the user 
experiments. If it is necessary to get any more infor-
mation about the user’s samples and each experi-
ment’s conditions to estimate the safety, we contact 
the user through the users office in J-PARC. The 2nd 
chemical safety review is conducted on the actu-

ally carry-in samples in the application form submit-
ted by users with the above-mentioned viewpoints 
in mind. The information of all samples is managed 
according to the use of the application. Please note 
that the deadline for submitting the application is ten 
days before of the user’s experiment day. We also 
check the status of all samples on each beam line 
after the user’s experiments. In addition, we main-
tain the sample preparation room and support the 
user’s sample preparation. There are two sample 
preparation rooms in MLF. One is the radiation con-
trolled area of category 1 for treating the radioacti-
vated samples by neutrons and the other is that of 
category 2 for treating the non-radioactivated sam-
ples. Those rooms have some necessary devices 
for the user’s sample preparation and measuring 
the sample physical properties such as concentra-
tion, density, pH, and humidity. The manual for uti-
lizing those devices is also prepared in English for 
foreign users.
 Figure 2 shows the transition on the number of 
user’s application form of carry-in samples in MLF 

Figure 1.  Tasks of chemical safety group.
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on each beam lines for three years from FY2010. 
In FY2012, BL20 received the largest number of 
user proposals, and the next was BL21. The reason 
why both beam lines are popular is because of the 
neutron diffractometers, also the measurement time 
for a sample is quite short so that they can accept 
so many users. As shown in the insert in Figure 2, 
the total number of application forms was 306 in 
FY2010, 79 in FY2011, and 729 in FY2012. If we 
exclude FY2011 when J-PARC was affected by the 

Great East Japan Earthquake, the total number in 
FY2012 had more than doubled since FY2010. This 
is due to the seven newly-constructed neutron in-
struments and the increase of the beam power from 
about 100 kw to 200 kW. We plan to increase the 
beam power up to 1 MW within a few years. It should 
follow that the number of the application forms and 
our group’s amount of work will drastically increase. 
 We keep on working so that the users can per-
form their experiments safely and comfortably.

S. Ono1, S. Takata1, N. Takahashi1, H. Kogawa2, K. M. Kojima3,4, M. Sakaguchi4, M. Kobayashi5, K. Akutsu5, and S. Tanaka6

1Neutron Science Section, Materials and Life Science Division, J-PARC Center; 2Neutron Source Section, Materials and Life Science Division, 
J-PARC Center; 3Muon Science Section, Materials and Life Science Division, J-PARC Center; 4Institute of Materials Structure Science, KEK; 
5Neutron R&D Division, CROSS-Tokai; 6Science and Technology Promotion Foundation of IBARAKI

Figure 2.  Transition on the number of user’s application forms of carry-in samples in MLF for the last three years.
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ZnS/10B2O3 Ceramic Scintillator Contributing 
to Nuclear Security 

T. Nakamura1, K. Toh1, K. Honda2, K. Suzuki3, H. Yamagishi3, K. Sakasai1, K. Soyama1, and M. Katagiri4

1Neutron Instrumentation Section, Materials and Life Science Division, J-PARC Center; 2Japan Radiation Engineering Co. Ltd.; 3Nippon 
Advanced Technology Co. Ltd.; 4Frontier Research Center for Applied Atomic Sciences, Ibaraki University

 In the recent years, there has been a severe 
shortage in the supply of 3He gas. Thus there is an 
urgent need to develop detector technologies alter-
native to the conventional 3He-gas-based detector. 
Our scintillation detector developed in the J-PARC/
MLF may ameliorate the present situation in fields 
where neutrons need to be measured. 
 We have developed two-dimensional scintillator 
detectors using a new material (ZnS/10B2O3) for de-
tection of high-intensity neutrons in the past and a 
numbers of the detectors have been delivered and 
in service at the beamlines of BL03 (iBIX), BL17 
(Sharaku) and BL18 (SENJU).
 The ZnS/10B2O3 ceramic scintillation detectors 
are planned to be implemented to a non-destruc-
tive measurement equipment for nuclear safeguard 
demonstration testing [1]. The scintillator material 
was originally developed for neutron scattering in-
struments in the J-PARC/MLF. The scintillator con-
tains no organic materials, and its properties, high 
detection efficiency and fast temporal response, are 
also useful to measure neutrons from substances 
such as U and Pu contained in a mixed oxide nu-
clear canister. The plan calls for 60 or more of these 
detectors to be installed in the equipment designed 
by the Nuclear Science and Engineering Directorate 
of the JAEA, and the neutron measurement should 
proceed with high detection efficiency.

References
[1]  T. Nakamura et al., in the proceedings of the 

54th Annual Meeting of the Institute of Nuclear 
Materials Management (INMM54).

Figure 2.  (a) Photograph and (b) schematic view of the de-
tector (cross sectional view).
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Figure 1.  A prototype detector equipped with a ZnS/10B2O3 
ceramic scintillator for a nuclear security applica-
tion. 
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High Pressure MWPC Neutron Detector for Pulsed Neutrons

 A two-dimensional position-sensitive neutron de-
tection system that can read out individual signal 
line and consists of a multiwire-type detector ele-
ment was fabricated for J-PARC/MLF BL17 and the 
first irradiation test was performed using a collimat-
ed neutron beam. Neutron irradiation was carried 
out using a CN-3 cold neutron beam line at KUR. 
The irradiated neutron detection system consists of 
a 256 channel multiwire detector element (x: 128 
lines, y: 128 lines) equipped into a pressure vessel, 
amplifier-shaper-discriminator (ASD) boards, opti-
cal signal transmission devices, position encoders 
with field-programmable gate arrays (FPGAs), and 
a fast data acquisition device. The pitches of each 
axis are 1 mm and the conversion gap is 25 mm. 
 An imaging experiment was performed to verify 
an operation of the position encoder. As an exam-
ple of the experimental results, a measured two-
dimensional image is shown in Fig. 1. In this ex-
periment, 9 collimated neutron beams with a size 
of 0.7 x 1.0 mm2 were irradiated to the detector. It 
was confirmed that the position encoder works well 
and can be used in a neutron detection system. 
The spatial resolution of our detector was less than 
2 mm FWHM in both directions. Considering the 
Monte Carlo simulation results [1], this value ap-
pears to be reasonable. Fig. 2 shows the reactor 
power dependence to the measured counts of the 
developed detector system. The developed detec-
tor showed a linear response up to the full power, 5 
MW, of KUR reactor and the counting rate at 5 MW 
was approximately 45 kcps. The linear response for 
counting rate greater than 45 kcps can be observed 
easily by irradiating with a higher flux of neutrons, 
because the counting rate of our system was not 
saturated.

References
[1]  H. Yamagishi, K. Toh, T. Nakamura, K. Sakasai 

and K. Soyama, J. Instrum. 6 (2011) C12025.

Figure 2.  Measured counts of developed system under 
neutron irradiation as a function of KUR reactor 
power.
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Figure 1.  Two-dimensional response obtained using a col-
limated beam with a size of 0.7 × 1.0 mm2.
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Focusing Supermirrors 
on Precisely Figured Elliptical Surfaces

1. Introduction
 Reflective optics is one of the most useful tech-
niques for focusing a neutron beam with a wide 
wavelength range since there is no chromatic aber-
ration.
 We have been developing aspherical supermir-
ror optics by using an ion beam sputtering tech-
nique to coat high performance supermirrors [1] and 
a numerically controlled local wet etching (NC-LWE) 
technique [2] to figure aspherical mirror substrates.
 Previously, we fabricated a plano-elliptical su-
permirror with a clear aperture with size of 90 × 
40 mm2 by applying these techniques and obtained 
a focusing gain of 6 and a reflectivity of 0.64-0.7 in 
the critical-angle region for m = 4 [3]. Increasing the 
mirror size is essential for increasing the focusing 
gain. We report the fabrication result of an elliptical 
supermirror with large clear aperture size and the 
focusing performance of the neutron beam.

2. Mirror Fabrication
 We fabricated a 400-mm-long elliptical neutron-
focusing supermirror by a combined fabrication pro-
cess consisting of precision grinding, HF dip etch-
ing, NC-LWE figuring, low-pressure polishing and 
ion beam sputtering deposition. We succeeded in 
obtaining a figure error of 0.43 μm p-v with a surface 
roughness of less than 0.2 nm rms.

3. Experimental setup and result
 The focusing performance of the fabricated ellip-
tical supermirror was evaluated at BL10 NOBORU. 
We show a schematic of the setup for measuring the 
neutron beam profile in Figure 1. A flat supermirror 
with m = 4 is used to reflect the neutrons into the 
focusing device to reduce the background and the 
gamma radiation from the direct beam. The wave-
length of the neutron beam varied from 3.5 to 10 Å. 
Two-dimensional images of focused and non-focused 
direct neutron beams were measured using an imag-
ing plate (Fujifilm BAS-ND; resolution: 50 μm). The 
width of the slit in this experiment was 0.10 mm. The 
magnification of the optical design was 1.

Figure 1.  A schematic of the setup for measuring the neutron focusing profile.

Figure 2.  A photograph of the 400-mm-long elliptical neu-
tron-focusing supermirror.
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 Figure 3 (A) and (B) shows two-dimensional im-
ages of focused and non-focused direct neutron 
beams, the neutron beam detected using the imag-
ing plate. A neutron beam with a wide wavelength 
range was uniformly focused on the mirror where it 
had an effective width of 30 mm. The neutrons de-
tected beyond the mirror were due to the horizontal 
divergence of the neutron beam. 
 Figure 4 shows detail profiles of (A) and (B). The 
full width at half maximum (FWHM) of the focused 
beam was 0.128 mm, and a focusing gain of 52 in 
terms of the peak intensity was achieved compared 

with the non-focused direct beam. At the peak in-
tensity for a neutron beam, the wavelength range is 
3.5-10 Å.

References
[1]  R. Maruyama, D. Yamazaki, T. Ebisawa, M. Hino, 

K. Soyama, Thin Solid Films, 515 (2007) 5704.
[2]  R. Maruyama, D. Yamazaki, T. Ebisawa, K. 

Soyama, J. Appl. Phys. 105 (2009) 083527.
[3]  K. Yamamura, Ann. the CIRP 56/1 (2007) 541-4.
[4]  D. Yamazaki et al., J. Phys.: Conf. Ser. 251 

(2010) 012076.

Figure 3.  2-d images of focused beam. Figure 4.  Neutron profiles of focused beam. 
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Development of a Multi-Channel Spheroidal Focusing Mirror

1. Introduction
 Some focusing devices are well used to increase 
neutron intensity for a minute area such as a small 
sample. Focusing mirror is the major focusing de-
vice and several types of it have been developed. In 
general, coating the surface of the focusing mirror 
with high-Qc supermirror and enlarging the size of 
the mirror are an effective method to increase the 
gain of neutron intensity by covering a wide diver-
gence of neutron beams. However, in some instru-

ments, many other devices have already been in-
stalled and narrow space is allowed for setting the 
docusing device and a compact one should be re-
quired. A multi-channel focusing mirror enables us 
to cover a wide divergence of neutron beams even 
in a narrow space. In this study we tried to develop 
a multi-channel spheroidal (MS) focusing mirror. 

2. Experimental setup and result
 Figure 1 shows a conceptual diagram and picture 
of a prototype MS focusing mirror. The prototype 
MS mirror consists of cupper uncoated by supermir-
ror with 200 mm length. The MS mirror is fabricated 
by three spheroidal mirrors with different diameters. 
The diameters at the center are 5.512 mm, 7.348 
mm and 9.186 mm from inside, respectively. These 
three spheroidal mirror are held coaxially using ring 
shape of aluminum spacers as shown in fig. 1. 
 Figure 2 shows a schematic diagram of a per-
formance test of the MS mirror at BL10 NOBORU. 
A pinhole slit with diameter 0.1 mm was set at the 
focal point position which is 300 mm downstream of 
the MS focusing mirror. A 2D-detector was set after 
the pinhole slit. A supermirror was set at upstream 
of the MS focusing mirror in order to protect the de-
tector from high-energy direct beams.
 Figure 3 shows a result of the performance test 
of the MS mirror. The red (circle) and blue (square) 
lines correspond to TOF spectrum with and without 

Figure 1.  The conceptual diagram and picture of the proto-
type MS focusing mirror.

Figure 2.  Schematic diagram of the experimental setup at BL10 NOBORU.
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the MS focusing mirror. The black line shows the 
intensity ratio of these spectrums. The result shows 
that the intensity gain of neutron beam is about 6 for 
wavelength longer than 0.5 nm, which is about 70% 

of expected spec. Since the alignment precision of 
the three spheroidal mirrors affects directly the neu-
tron gain, the alignment method and precision has 
to be improved.

H. Hayashida, K. Soyama, D. Yamazaki, and R. Maruyama
Neutron Instrumentation Section, Materials and Life Science Division, J-PARC Center

Figure 3.  The result of the performance test of the MS mirror.
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Manuel Angst, Joerg Voigt, and Hailey Williamson from FZJ 
discuss their experimental data in the BL01 cabin.

Takaaki Hosoya, Katsuhiro Kusaka, Masaki Katagiri, and Seiji 
Ninomiya (Ibaraki Univ.) discuss detectors at BL03.

Users and beamline staff – shown in the BL11 cabin - enjoy 
the first high-pressure neutron experiment.

Norifumi L. Yamada (KEK) and Motoyasu Kobayashi (JST/
ERATO) position samples at BL16.

Keitaro Kuwahara (Ibaraki Univ.) loads a 
sample in the refrigerator at BL14.

Klaus Dieter Liss (ANSTO), Saurabh Kabra (ISIS), and Lisa 
Thoennessen (ANSTO, Wollongong Univ.) discuss thermal 
and loading schedules for their in-situ experiments at BL19.

Scenes from the Neutron Experimental Hall
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Status of J-PARC MUSE

 At MUSE, we have had a steady operation at 
the D-line in the fiscal year of 2012. At the U-line, 
we managed to install a new axial focusing muon 
beamline components to extract intense surface 
muons dedicated for the ultra slow muon produc-
tion. Also, we completed the installation of front-end 
magnets in the vicinity of the muon target during a 
shut-down period in the summer of 2012 under an 
intense radiation field.

1. D-line Operation
 Consequently, we managed to operate users’ 
run at the D-line with proton intensity of up to 300 
kW. We installed a switch yard, a kicker and septum 
magnets to allow a single bunched muon beam up 
to 60 MeV/c towards D1 and D2 areas in the D-line. 
Everything worked successfully, delivering a single 
pulse towards the D1 area, with negligibly small S/N 
ratio appeared in the μSR spectrum. At the D1-area, 
a dilution refrigerator which had been used at KEK-
Tsukuba, was brought to MUSE, fixed and installed, 
enabling us to perform μSR measurements as low 
as 25 mK. 

2. Installation of the U-line
 We were funded to install a second muon beam-
line, the so called U-line, which consists of a large 
acceptance solenoid made of mineral insulation 
cables (MIC), a superconducting curved transport 
solenoid magnet and a superconducting axial fo-
cusing magnets system. There, we can collect sur-
face muons with a large acceptance of 400 mSr. 
Compared to the conventional beamlines such as 
the D-line, the large acceptance of the front-end so-
lenoid allows us to capture 10 times more intensity 
pulsed surface muons of 5 × 108 /s, when the proton 
beam intensity reaches 1 MW. The U-line compo-
nents of the superconducting curved and axial fo-
cusing magnets were already fabricated and their 
commissioning was performed in October, 2012. 
Fig.1 (Up) shows a picture of the celebration of the 

delivery of the superconducting curved transport 
solenoid magnet. Fig.1 (Down) shows a picture of 
the superconducting axial focusing magnets associ-
ated with three sets of ±400 kV DC separators.
 In the commissioning works, we succeeded in 
extracting the world’s highest intensity pulsed mu-
ons, 2,500,000 muons per pulse (6.4 × 108 /s at 
212 kW, corresponding to 3 × 108 /s at 1 MW) to 
the U1 experimental area. This intensity achieved at 
the U-line exceeds the previous intensities, 72,000 
muons per pulse (120 kW) and 180,000 muons per 

Figure 1.  (Up), picture of the celebration of the delivery of 
the superconducting curved transport solenoid 
magnet. (Down), picture of the superconducting 
axial focusing magnets associated with three sets 
of ±400 kV DC separators.
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pulse (300 kW), which were achieved at the D-line 
of this facility in 2010, respectively. It means that for 
the first time globally we achieved the world’s stron-
gest pulsed muon intensity. The achieved intensity 
not only shortens the measurement time to one-
twentieth compared with the present measurement, 
but it also may open a new era to capture novel 
information that could not be recognized before. 
According to the simulation, we could extract 2 × 108 

/s surface muons (at the 1 MW operation) to the ex-
perimental area, with an approximate transport ef-
ficiency of 40%. It demonstrates that the beam line 
design concept adopting axial focusing extraction 
for the first time is working very well. Fig. 2 shows a 
lifetime spectrum of the surface muons extracted to 
the U1 area on Al target, showing 2-bunched struc-
ture of the surface muons and electrons. It demon-
strated that very intense surface muons as much 
as 6.4 x 107/s @212 kW were extracted to the U1 
shielding area, which was 20 times stronger than 
the D-line.
 As a next step, we are planning to stop such 
intense pulsed muons towards a hot tungsten tar-
get for generating intense ultra-slow muon beams 

in order to realize “ultra-slow muon microscopes”. 
When the production of an intense ultra-slow muon 
source is realized, the use of its short-range pen-
etration depth (eg. 1 nm resolution at a penetration 
of 1 nm, and 10 nm at a penetration of 6 nm in gold) 
will allow the muon science to expand into a variety 
of new scientific fields, such as,
1)  Surface/boundary magnetism utilizing its spin 

polarization and unique time-window.
2)  Surface chemistry, utilizing a feature of a light 

isotope of hydrogen, such as catalysis reactions. 
3)  Precise atomic physics such as QED, 
4)  Ion sources towards possible μ+ μ- collider ex-

periments in high-energy physics. 

3.  Installation of the front-end magnets for the 
S-line and H-line in the vicinity of the muon 
target

 During a shut-down period in the summer of 
2012, we worked on the installation of front-end 
magnets for the S-line, which is a surface muon 
beam line dedicated for the materials science with a 
modest-acceptance (about 50 mSr), and the H-line 
at which various problems of the fundamental phys-
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Figure 2.  Lifetime spectrum of the surface muons extracted to the U1 area, showing 2 bunched structure of the surface muons 
and electrons. It demonstrated that surface muons as much as 6.4 × 107/s @212 kW were extracted to U1 shielding 
area, corresponding to 20 times stronger than D-line.



134 Muon Science

ics research will be studied, for instance, the precise 
measurement of the hyperfine splitting of Muonium, 
implying the existence of new physics laws beyond 
the Standard Model, or the precise measurement 
of the anomalous magnetic moment (g-2) of mu-
ons,. Although the radiation level in the vicinity of 
the muon target was very high to be in the order 
of Sv/h, we finally managed to install the SQ4,5,6 
and HS1, HS2, HS3 and HB1 associated with guide 
shields and pillow seals between those elements. 
Fig.3 shows a picture of the installation of the HS1,-
HS2, HS3 and HB1 under a severe radiation envi-
ronment in the vicinity of the muon target.

Y. Miyake1,2, N. Kawamura1,2, K. Shimomura1,2, P. Strasser1,2, A. Koda1,2, H. Fujimori1,2, S. Makimura1,2, Y. Kobayashi1,2, 
J. Nakamura1,2, Y. Ikedo1,2, T. Nagatomo1,2, K. Nishiyama1,2, K. M. Kojima1,2, M. Miyazaki1,2, R. Kadono1,2, W. Higemoto1,3, 
and T. U. Ito1,3

1Muon Science Section, Materials and Life Science Division, J-PARC Center; 2Institute of Materials Structure Science, KEK; 3Advanced Science 
Research Center, JAEA

Figure 3.  A picture of the installation of the HS1,-HS2, HS3 
and HB1 in the vicinity of the muon target.
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Commissioning Test for the Remote-Controlled Replacement 
of the Muon Rotating Target

 The most intense pulsed muon beam will be 
generated by a 3-GeV 333-μA proton beam on a 
muon target made of 20-mm thick isotropic graph-
ite (IG-430) in J-PARC/MUSE (Muon Science 
Establishment). At present, the fixed edge-cooling 
method has been adopted for cooling the muon tar-
get [1]. However, it is predicted that the graphite will 
break down in six months due to radiation damage 
[2]. To extend the lifetime of the muon target, we are 
planning to adopt the rotating target method, which 
can distribute the radiation damage of graphite to a 
wider area. Figure 1 shows a picture of the rotating 
target. In the M2 primary proton beamline, some of 
the components will be so highly irradiated that it 
would make it impossible to perform hand-on main-
tenance. Therefore, the muon rotating target with a 
plug shield, called rotating target assembly, must be 
handled in a remote handling room, the Hot cell [3]. 
In this report, a commissioning test for the remotely 
controlled replacement of the muon rotating target 
during the summer-shutdown of 2012 is described.
 Both the rotating target and the fixed-edgecool-
ing target can be replaced by almost the same 
procedure as described below. Figure 2 shows a 
picture of the respective apparatuses used for the 
replacement in the Hot cell. Figure 3 shows a sche-
matic drawing of the replacement. The Target rod 

consists of a stainless-steel rod with two joints, the 
muon target (the rotating target or the fixed edge-
cooling target) and a profile monitor. The signal 
cables, the thermo-couples, and the water pipes go 
through the stainless rod. In the case of the rotat-
ing target, the rotating shaft must also go through it. 
When the used target is replaced, the whole Target 
rod is discarded. The Target rod is positioned by a 
horizontal pin and some guides to the plug shield 
and fixed by 4 bolts, which are handled by a remote-
controlled power-manipulator. The exchange device 
ensures the up-down motion, the right-left motion, 
the forward-backward motion and the rotation to 
replace the Target rod from the plug shield. The 

Figure 1.  A picture of the muon rotating target.

Figure 2.  Apparatuses for replacement in the Hot cell.
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Figure 3.  Schematic drawing of the replacement.
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loads for each motion can be monitored. Because 
the exchange device is used in common with sev-
eral other apparatuses for the neutron source, a 
rod attachment for our assemblies is necessary. At 
first, the empty rod attachment is attached to the 
exchange device. Then the upper and lower hold-
ers of the used Target rod are held by the upper and 
lower supports of the rod attachment, respectively. 
The fixing bolts are loosened by the power-manip-
ulator, which can handle the bolts through remote 
control. Finally, the Target rod is dismounted from 
the plug shield by the upward and backward mo-
tion of the exchange device. The attachment with 
the used Target rod is remotely transported to the 
attachment rack by an overhead crane in the Hot 
cell. Then another attachment with a new Target rod 
is set on the exchange device by the crane. Finally, 
the new Target rod is fixed on the plug shield and 
the power-manipulator tightens the bolts.
 The Target rod must be equipped with two 
weaker sections to be cut, so that it can be divided 
into three parts for volume reduction of the highly 
radioactive waste. These weaker sections will be 
elastically distorted under a load of 700 N at the 
positions of the holders. To avoid an excess load, 
we paid attention to how the misalignment of the 

attachment against the Target rod was detected 
and absorbed in the design of the rod attachment. 
In the case of the fixed target, there are two loose 
joints to facilitate the manufacturing and to absorb 
the misalignment. On the contrary, in the case of the 
rotating target, the joints need to be manufactured 
precisely, because several bearings supporting the 
rotating shaft must be coaxially and rigidly located. 
Furthermore, because the exchange device leans 
3-mm forward when not sustaining the weight of 
the Target rod, the upper support against the lower 
support with the Target rod must be located 3-mm 
forward than the position without the Target rod. 
Therefore, several important features were imple-
mented to the rod attachment. Positioning guides 
were used to the upper support to correct the slight 
left-right misalignment. A dial gauge was utilized 
to measure the relative position precisely between 
the plug shield and the rod attachment. Sustaining 
parts were also used to sustain the lean of the ex-
change device and the excess load due to the for-
ward motion of the exchange device. On the lower 
support, the spring buffer is equipped to absorb the 
misalignment between the upper and lower sup-
port. The spring constant of the buffer is carefully 
designed not to exceed the elastic distortion of the 

Top view Sustaining Part

Positioning Guide

Sustaining Part

Upper Support

Sustaining part

Dial gauge

Side viewPlug shield

Figure 4.  Pictures of the upper support.

Figure 5.  Pictures of the lower support.
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Spring Buffer
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Target rod. Simultaneously, the spring constant is 
also designed to give a load to fix the Target rod into 
the plug shield firmly. Figure 4 shows pictures of the 
upper support. On the left, the upper support can 
be seen. On the right, the upper support holds the 
upper holder while measuring the relative position 
against the plug shield. Simultaneously, the sustain-
ing parts prevent it from going forward too much. 
Figure 5 shows pictures of the lower support.
 The commissioning tests of the remotely con-
trolled replacement of an un-irradiated rotating tar-
get were performed in August and September of 
2012. After some preliminary tests outside of the 
Hot cell, the tests in Hot cell were performed from 
the 7th to 25th of September, 2012. The air radiation 
dose of our working area in the Hot cell depends 
on the cooling period after the proton-beam has 
stopped, the drainage status of the highly radioac-
tive mercury from the neutron target vessel, and the 
existence of an additional shield. As a reference, 
the dose in 2012 at our working area, in the case 
of a cooling period of one month and without the 
additional shield, was 140 μSv/h. The dose was re-
duced to 2 μSv/h after a two months cooling period 
and with the additional shield. A half-face respirator 
mask with filters was required when we worked in 
our working area. Finally, the rotating target could 
be successfully replaced by remote handling. Figure 
6 shows a picture of us before entering the Hot cell.
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Figure 6.  Picture of us before entering the Hot cell.
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H Line Installation Work

 A brand new beam line, H-line, is planned to be 
constructed as the 4th beam line in MUSE. The new 
beam line is designed to have a large acceptance, 
momentum tune-ability, and the ability to use a kick-
er magnet and Wien filter. This beam line will pro-
vide an intense beam for experiments which require 
high statistics and need to occupy the experimental 
areas for a relatively long period. Several experi-
ments in the field of fundamental physics study have 
been proposed in the H-line [2-4].
 From the muon production target, it is possible to 
extract 4 muon beam lines. The H-line is extracted 
to the south east direction.
 At the primary stage of MUSE construction, only 
the D-line and the front-end magnets in the S-line 
were installed, and then the front-end magnets in 
the U-line were installed in 2009, as shown in Fig. 2. 
In the H-line, temporary radiation-shield blocks were 
placed. J-PARC has been operated since 2008, and 
thus the activation around the muon production tar-

get becomes more serious with every passing year. 
According to the evaluation using a Monte-Carlo 
code [5], the dose rate beside the target chamber 
was estimated to be close to 1 Sv/h, and the sum-
mer shutdown in 2012 would be the last chance for 
the installation of front-end magnets in the H-line.
 The frontend magnets, i.e. the muon-capture 
solenoid, HS1, and the first bending magnet, 
HB1, were fabricated and ready to be installed in 
June, 2012. The period of the shutdown was three 
months, from July to September. In addition to the 
H-line construction, a quadrupole triplet in the S-line 
had to be installed during the shutdown. The work-
places of these tasks are adjacent to each other, 
which required time sequential task management. 
In order to prolong the radiative cool time, the muon 
facility operation was terminated a week earlier than 
the J-PARC operation. Just after the beam stop, the 
S-line construction was started; it was estimated 
that the radiation dose rate at the work place was 
much lower than that of the H-line. The period of 
the S-line construction was effective for radiative 
cooling in the H-line. At the end of July, the H-line 
construction was started.
 Taking into account the effect of the residual ac-
tivity and the joint to the existing surrounding de-

Figure 1.  A layout plan of MUSE.
Figure 2.  Picture around the muon target in 4/Jul before 

starting the construction.
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vices, the scenario of the construction was well con-
sidered. The downstream half of HS1, HS1b, was 
installed under the irremovable existing cable ruck 
and cooling water pipes. At first, HS1b was placed 
on the special truck placed at around the position 
of HB1, and then the truck was pushed by a jack 
to be inserted into the proper position. By a special 
hanging tool, HS1b was slightly lifted up to remove 
the truck. After the installation of HS1b, HB1 was 
placed. The first gate valve, HGV1, is located at a 
position inaccessible by the crane. Thus, a special 
hanging tool was prepared. Finally, the upstream 

half of HS1, HS1a, was installed. Before the instal-
lation of HS1a, the activated iron blocks were re-
moved, and were transported remotely to the tem-
porary storage pit. All the devices shown in Fig. 4 
were successfully installed, and the construction of 
the front-end part of the H-line was completed in 
early October, as shown in Fig. 5.
 Because the H-line has a large acceptance, i.e. 
its aperture is large; the duct streaming neutrons is 
expected to increase. Thus, the radiation shield in 
experimental area #1 was reinforced. The magnets 
and the devices to be installed in the experimental 

Figure 3.  (a) the truck for HS1b; (b) the hanging tool for 
HS1b; (c) the hanging tool for HGV1; (d) removal 
of the activated iron blocks.

(a)  (b) 

(c) (d)

Figure 4.  The installed devices.

φ600 pillow seal

HGV1 HB1

HS1a HS1b

Figure 5.  Picture in 4/Oct after completing the installation of 
major devices.
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area are being designed as part of the installation 
work, which will start in 2014.
 The highest measured radiation dose rate was 
about 250 mSv/h in the iron block placed just beside 
the target chamber. This is consistent with the prior 
evaluation. Thus, the construction scenario based 
on this estimation was confirmed to be reasonable.
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Figure 6.  (a) the estimated radiation dose from the residual activity in the iron block beside the target chamber; (b) accumulation 
of the residual activity.
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Installation of Front-end Magnets for the S-Line

 The construction of the surface muon beamline 
(S-line) in experimental hall No.1 of the Materials 
and Life science experimental Facility (MLF) build-
ing, which is designed to serve high intensity muon 
beams with a momentum of 28.5 MeV/c, has just 
started. When the construction of the S-line is com-
pleted, the S-line will consist of 4 beam legs and 
4 experimental areas, sharing double pulsed muon 
beam by utilizing 2 electric beam kickers as shown 
in Fig. 1. The primary goal of the initial construction 
stage is to deliver a surface muon beam to one of 
the planned experimental areas (S1) in FY2013.
 At the early stage of the construction of the M1/
M2 primary proton beamline, a triplet magnet (SQ1-
2-3), a bending magnet (SB1) and 4 pillow seals, 

adjacent to the muon production target chamber, 
were installed at the S-line. To extract the muon 
beam toward experimental hall No.1, a triplet mag-
net (SQ4-5-6), a beam duct (SVD2), and a pillow 
seal (SPS5) have been newly installed in the M2 
beamline tunnel. Since these equipments are situ-
ated under the ceiling concrete shields at one of the 
branching valleys from the muon target, the utilities 
like the cable connection, the piping for the cool-
ing water, the gas handling lines for the pillow seal, 
must be completed simultaneously. Moreover, the 
installation for the S-line must finish before the in-
stallation of the front-end magnet for the H-line 
starts, because both installations were scheduled 
during the summer shutdown in 2012. Due to the 
limited space in the handling area of the concrete 
shields, it was not possible to proceed simultane-
ously with these works.
 Fig. 2 shows the installation of SQ4-5-6. The 
concrete shields at the beamline level were re-
moved, and the guiding shield for SQ4-5-6 was 
installed, which is designed to provide both func-
tions of the pillow seal guide and the duct support 
for SVD2. Before the installation of SQ4-5-6, SVD2 
was attached from the inside of the M2 tunnel, and 
was aligned carefully. Fortunately, the residual ra-
dioactivity level of SQ4-5-6 position was not very 

Figure 2.  Installation of the SQ4-5-6 triplet magnet.

S2

S4
S-line

S3

S1

SQ4-5-6

BeamlinePrimary

Figure 1.  Beamline layout of the S-line (plan).
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high despite its location relative to the muon pro-
duction target. On the other hand, the concrete 
5-ton shield at the exit of the secondary beamline 
tunnel , which was slightly moved due to the East 
Japan Earthquake in 2011, was re-aligned and se-
curely fixed to the MLF building wall. Besides, as it 
was planned, the type-310 pillow seal, which was 
previously used at the front-end of the U-line as 
UPS1, and then stowed in a storage pit at FL10m 
after removal from the U-line, was re-installed at the 

S-line as SPS5. However, it turned out that the pil-
low diaphragm was partially damaged. Therefore, 
we decided to install a spare type-310 pillow seal as 
SPS5.
 The main part of the construction was success-
fully completed in July, 2012. The construction of 
the S-line in experimental hall No.1 is expected to 
continue in FY2013, with the aim to conduct a beam 
test at the S1 experimental area.
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Installation of Superconducting Curved Solenoid 
for the U-line

 In Japan Proton Accelerator Research Complex 
(J-PARC), installation of a new muon beamline, called 
Superomega muon beamline, was completed on the 
U-line in the Materials and Life Science Experimental 
Facility (MLF) in October 2012. The Superomega 
muon beamline is the second muon beamline among 
the four planning beamlines in the MLF/J-PARC. The 
Superomega muon beamline is a new type of muon 
beamline, since all beamline magnets in Superomega 
beamline consist of solenoid coils. The Superomega 
muon beamline consists of three parts: normal con-
ducting capture solenoid, superconducting curved 
transport solenoid and superconducting axial focus-
ing magnet. The capture solenoid has a large solid 
angle acceptance of 400 msr, so that a large num-
ber of muons can be captured and transported to the 
experimental area. The details of the properties and 
installations of the capture solenoid and the axial fo-
cusing magnet were already reported elsewhere [1, 
2]. Here, we mainly report the properties and the in-
stallation of the superconducting curved solenoid.
 The curved solenoid transports the captured mu-
ons through the secondary beamline tunnel into ex-
perimental hall No. 2. The solenoid consists of a 6-m 
long straight section placed between two 45° curved 
sections. The curved section is divided into seven 
segmented thin solenoids with an angle between 
each solenoids of 5.625°. In order to compensate a 
stray field from the straight section, matching sole-
noids are placed at the entrance and the exit of the 

curved solenoid. To satisfy the feasibility of fabrica-
tion of the solenoid, the straight section is divided into 
five 1.1.2-m long solenoids. These sixteen solenoids, 
except for the exit solenoid, are connected in series, 
while the exit solenoid can be adjusted separately. On 
the straight section, two dipole coils, which produce 
vertical opposite fields, with integrated fields of 0.2 
Tm, are located near the center of the straight sec-
tion. They provide charge selection required by the 
use of only positive muons or negative muons. For 
steering the beam direction and position of the beam 
center at the exit of the curved solenoid, two dipole 
correction coils with vertical and horizontal fields are 
located at the center of the exit solenoid.
 A superconductor is commonly used for the so-
lenoids and the dipoles. The solenoid coils use 85 A 
in series and the dipoles use 77 A individually. All of 
the cold masses, superconducting solenoids and di-
poles, are designed to be conductively cooled by five 
Gifford-McMahon (GM) refrigerators with capacity of 
1.5 W at 4.2 K (2nd stage) and 35 W at 50 K (1st 
stage).
 The muon transport rate of the capture and the 
transport solenoids was simulated using G4Beamline. 
Captured muons by the capture solenoid are estimat-
ed to be 5 × 108 muons/s when the 3 GeV primary 
proton beam is incident on the muon production tar-
get. The simulation results show that the total trans-
port rate of the captured muons with momentum of 30 
MeV/c (surface muon) is 82% at the exit of the curved 

Figure 1.  Top View of the solenoid insertion device and curved solenoid.
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solenoid. This corresponds to 4 × 108 muons/s which 
are extracted into the experimental area. The main 
beam loss occurs at a gate valve located between the 
capture and the curved solenoids. This means that 
almost all muons incident on the curved solenoid are 
transported to experimental hall No. 2.
 For the installation of the curved solenoid, we also 
developed an insertion device, because it will be set 
between the M2 tunnel and the experimental hall, as 
shown in Fig. 1-3. Six iron blocks, with a total weight of 
about 65 tons, are also set on the insertion device for 
the radiation protection from the M2 line. Therefore, 
we adopted two sets of linear guides for the horizontal 
transport motion to keep good reproducibility. 
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Figure 2.  The curved solenoid and insertion device. The lower part of the iron radiation shield is also shown.

Figure 3.  The curved solenoid was set proper position. A 
part of linear guide at the experimental area was 
also shown.
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Installation of Superconducting Axial Focusing Magnet 
for U-line

 In the Japan Proton Accelerator Research 
Complex (J-PARC), the installation of a new muon 
beamline, called Superomega muon beamline, was 
completed on the U-line in the Materials and Life 
Science Experimental Facility (MLF) in October 
2012. The Superomega muon beamline is the sec-
ond muon beamline among the four planned beam-
lines in the MLF/J-PARC. The Superomega muon 
beamline consists of three parts: normal conducting 
capture solenoid, superconducting curved transport 
solenoid and superconducting axial focusing mag-
net. The details about the properties and installations 
of the capture solenoid and the curved solenoid were 
already reported elsewhere [1, 2, 3]. Here, we mainly 
report the properties and the installation of the axial 
focusing magnet.
 The muon beam from the muon production tar-
get is extracted by the capture and curved solenoids 
to the experimental hall No. 2 of the MLF. The axial 
focusing magnet is located on the downstream of 
the curved solenoid. The major purpose of the axial 
focusing solenoid is to further transport the muon 
beam in the experimental hall (about 6 m long) and 
to efficiently focus on the ultra slow muon production 
target [4]. Furthermore, the axial focusing solenoid is 
equipped with functionalities required for the muon 
beamline, such as beam blocker, positron separa-
tor and beam slit. The beam blocker has a copper 
block of 600 mm in diameter and 50 mm in thickness. 
When experimenters work in the experimental area, 
the copper block can be inserted into the beamline 
by two air cylinders for reducing radiation exposure 
of the experimenters from mainly neutral particles, 
neutrons and gamma rays, in the beamline. The 
three stage Wien filter type of the positron separators 
can be applied ± 400 kV of electric field and 0.05 T of 
central peak dipole field. Since the positrons, which 
have the same momentum as the muons, are simul-
taneously transported in the muon beam, and their 
intensity is expected to be a hundred times larger 
than that of the muons, the positrons must be elimi-

nated to allow precise measurement of the various 
purposes of the muon experiments [5]. The beam slit 
is located between the last two cryostats, in order to 
trim the edge of the muon beam, and to cut off the 
residual positrons through the separators.
 Figure 1(a) shows a whole sketch of the axial 
focusing solenoid, and (b) is cryostat for the super-
conducting solenoid. The axial focusing solenoid is 
composed of six cryostats and five beamline vac-
uum ducts.The distance between the cryostats is 
1.6 m, except for that between the fifth and sixth 
cryostats, which is 0.8 m. Each cryostat has two su-
perconducting thin solenoid coils, and a warm bore 
of 600 mm in diameter for the beamline duct. The 
cryostat is cooled down by the thermal conducting 
method using a Gifford-McMahon refrigerator. The 
two solenoids in the cryostat can be individually ex-
cited up to 82.5 A, and the peak magnetic field of 
the two solenoids is about 1.2 T. The muon beam is 
transported with repeating cycle of focusing and de-
focusing by magnetic field of superconducting thin 
solenoids.
 The installation and the alignment of the axial fo-
cusing solenoid were started from the end of August 

Thin solenoids

Warm bore
~0.6 m

GM refrigerator Power lead

Cryostats

Beam blocker

Positron
separators

Beam slit

(a) Axial focusing magnet (b) Cryostat

Figure 1.  (a) Axial focusing magnet, (b) cryostat for super-
conducting solenoid.
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of 2012. Firstly, five position adjustable base plates 
were aligned on the beamline with accuracy of less 
than 0.1 mm. The cryostat and beamline duct were 
placed on the same mounting, and then the mount-
ing was set on base plate by positioning pins. Figure 
2 shows the picture of the installed axial focusing 
magnet in the end of September. Electric cabling, 
cooling water and pressurized air piping were done 
after finishing the installation of the beamline ap-
paratus, and the concrete shieldings were covered 
on the beamline. The Superomega muon beamline 
was ready to operate for the beam commissioning 
in the beginning of October.
 According to our beam transport simulation using 
Geant4 based Monte-Carlo program G4Beamline [6], 
and the beam commissioning [7], the Superomega 
muon beamline can transport 6.4 × 107 positive mu-
ons /s to the end of the axial focusing magnet at 212 
kW of the primary proton intensity, and more than 
50% of them are incident on the ultra slow muon tar-
get (Tungsten foil: 70(W) × 50(H) × 0.05(T)) placed 

downstream of 700 mm from the last solenoid. At 
present, we proceed the project of the production of 
the ultra slow muon beam using the surface muon 
beam of the Super omega muon beamline and the 
vacuum ultra violet laser system [8].
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Figure 2.  A picture of axial focusing solenoid.
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Performance of the DC-separator at the U-line

 In the Japan Proton Accelerator Research 
Complex (J-PARC), the installation of a new muon 
beamline, called Superomega muon beamline, was 
completed on the U-line in the Materials and Life 
Science Experimental Facility (MLF) in October 
2012. The basic properties and the installation of the 
Superomega muon beamline were already reported 
elsewhere [1, 2, 3]. The last part of the Superomega 
is an axial focusing solenoid. One of its major pur-
poses is the reduction of positron contamination 
from the muon beam. Three sets of Wien filter type 
separator combined with a superconducting axial 
focusing magnet were installed for this purpose.
 For a short period before the installation, condi-
tioning and performance tests were done for a sin-
gle separator with a superconducting magnet at the 
U1 area. The results were not satisfactory. Without 
magnetic field, it was possible to apply stable high 
voltages of ± 320 kV on the electrodes under an ar-
gon gas environment with 2-5 × 10-2 Pa in pressure. 
The pressure was regulated with a mass flow con-
troller and by steady pumping by turbo molecular 
pumps. Without the argon flow, the vacuum pres-
sure was around 10-5 Pa and a stable operation 
was achieved at -230 kV for the cathode and +230 
kV for the anode. Magnetic fields from the super-
conducting magnets had a strong influence on the 
discharge phenomena of the separator. The current 
of solenoid magnets reduces the applicable anode 

voltage, due to increase of the dark currents such 
as 175 kV at 40 A and 20 kV at 60 A. Contrarily, 
the cathode voltage can be slightly increased by 
solenoid magnetic field. The magnetic field of the 
correction coils for the separator affects less than 
that of the solenoid, and even with 340 A of the cor-
rection coil current ± 320 kV can be applied. For 
further investigation on the discharge phenomena, 
an acrylic blank flange was attached to the separa-
tor chamber and the inside view of the chamber was 
monitored through a large mirror by video camera. 
According to the observations of several days un-
til the sudden interruption due to the video camera 
damage, the following information was obtained. By 
applying the high voltage, a continuous discharge 
illumination was observed on the surface of the ce-
ramic bushings at both the cathode and the anode. 
High-voltage break-down due to an over-current in-
terlock at the anode and successive overcurrent at 
the cathode were clearly observed. The video pic-
ture will be analyzed more systematically.
 After the completion of the installation of the axial 
focusing solenoid, the performance of the three sets 
of separators was tested. As a general impression, 
the high voltages in the axial focusing solenoid were 
much more unstable than that of a single separator 
with single solenoid axial focusing magnet. A strong 
correlation between neighboring separators was 
observed, i.e., high-voltage break-down at neigh-

Figure 1.  Pictures of the separator discharge. Break down at the anode (left) and successive dark current at the cathode (middle). 
Simultaneous break down on both electrodes (right).
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boring separators was always caused even at low 
voltage excitation. Similar correlation was noticed 
even between the first and the third separators. The 
high voltage was successfully applied only on the 
center separator without magnetic field from the 
neighboring axial focusing magnets. 
 To avoid these difficulties, modified transport pa-
rameters for the axial focusing magnets were cho-
sen. Instead of applying a periodic magnetic focus 
ing field over the separator region by the axial fo-
cusing magnets, we decided not to excite the neigh-
boring solenoids of the second separator, and only 
the second separator was operated to eliminate the 
positrons.
 According to our simulations, the beam trans-
port efficiency of the axial focusing magnet is lower 
(60%), but the final beam profile is not affected by 
these parameter changes. However, expected posi-
tron separation is sufficient with one separator. In 

the original case, due to a magnetic field component 
along the beamline, the positron separation is less 
effective and three sets of separator are necessary.
 In the operation test using the new parameters of 
the axial focusing magnets, ± 350 kV was achieved 
at the center separator. However, frequent interrup-
tions due to sudden discharge and shut down of the 
high voltage power supply by overcurrent interlock 
occurred. A procedure for an automatic recovery of 
high voltages was established. At first, the negative 
high voltage is started to sweep and after it reaches 
100-150 kV, the sweep of the positive high voltage 
begins to rise.
 As reported elsewhere, commissioning tests for 
the separator were successfully performed with the 
new parameters of the solenoid magnets. The posi-
trons were sufficiently separated by a single sepa-
rator as shown in Fig. 3 and Fig. 4. Fig. 3 shows 
the scintillation signal from a beam profile monitor 
at the focal position of the axial focusing magnet. 
The sufficiently reduced positron signals before the 
prominent muon signals can be seen in this picture. 
 A time spectrum of the μ-e decay positron coun-
ter is shown in Fig. 4. The spectrum clearly shows 
a μ+ decay curve with a life time of 2.2 μs. The 
double bunch structure of the muon beam is also 
clearly seen in this spectrum. The positron prompts 
composed of scattered positrons by the target are 
sufficiently suppressed by the positron separator, 
although the intensity of the positrons in the muon 
beam was estimated to be 100 times larger than 
that of the muons [3].
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 For a more efficient muon transport and smaller 
beam profile at the ultra slow muon target [4], an 
operation mode with three separators is necessary. 

Now we start to analyze the reason of the separator 
discharge under magnetic field. Also even for one 
separator mode, studies to find the conditions to 
achieve a more stable operation is needed, i.e., gas 
mixture and pressure optimization, insertion of foils 
between separator chambers, etc.
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Figure 4.  Time spectrum of the μ-e decay positron.
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Kicker System – Noise Reduction at D-line –

1. Introduction
 The muon kicker system is used to separate 
the muon pulses and feed them to two experimen-
tal areas (D1, D2) simultaneously. The beam op-
eration with a kicker system started in the winter 
of 2011. Dividing the muon beam into two single-
pulsed beams was successful, but anti-noise mea-
sures were required. Later, the kicker noise level 
was drastically improved through refining both the 
ground lines of the kicker system and the detectors. 
Figure 1 shows μe-decay spectra with kicker on/off. 
However, the kicker noise level is still high accord-
ing to the S/N ratio of some detectors. Further mea-
sures to reduce the kicker noise were necessary.

2. Trial-and-error to reduce the kicker noise
 First, the noise level of the feed-through termi-
nals, which was the highest noise source of the 
kicker system, was reduced after being enclosed 
with copper sheets as shown in Fig. 2.
 Then, the kicker chamber, which contains the 
two kicker magnets, the two switchyards and the 
two oil tanks with matching electric circuits, was 
completely covered with 2 mm thick aluminum 
plates. The kicker chamber, neatly fitted in an alu-
minum box in a narrow space sandwiched between 
concrete shields, is shown in Fig. 3.

 Furthermore, the whole cable rack for the power 
cables was also overlaid with 0.2 mm thick copper 
sheets, without any break point along its length, to 
shield the kicker noise as shown Fig. 4.
 The noise levels were drastically improved af-
ter taking the above measures. Figure 5 shows a 
comparison between the noise levels using a radio 
wave detector [1] before and after taking these new 
noise reduction measures.
 There was a remarkable improvement of 1/100 
of the noise level at around the top of the kicker 
chamber. However, further improvements are re-Figure 1.  μe-decay spectra with kicker on/off.

Figure 2.  The feed-through terminals enclosed with copper 
sheets.

Figure 3.  The kicker chamber fitted in an aluminum box.

Figure 4.  Cable rack for the power cables shielded with cop-
per sheets.



151Muon Science

quired for experiments with negative muons and 
muoniums at the D2 area. Any conceivable means 
to reduce the RF noises can be employed, therefore 
insulating the kicker chamber from the beam ducts 
and their base is planned as the next trial-and-error 
project.

3. Summary
 A kicker system was installed to separate the 
double-pulsed muon beam in the summer of 2011. 
The kicker system directed the two single-pulsed 
muon beams to the two existing experimental areas 
D1 and D2 simultaneously in March 2012. Now ex-
periments with the spectrometer in D1 area can be 
performed with kicker-on without any problems, but 
the kicker noise level is still high to carry out experi-
ments in D2 area simultaneously. Further measures 
to reduce the kicker noise are in progress for the 
next beam operation.
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Figure 5.  [a] Survey points around the kicker system. [b] 
Distribution of RF noise levels corresponding to 
local points around the kicker system.
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U-line Interlock System

 We introduced an ultra-slow muon (USM) beam-
line as an extension of the U-line in the MUSE facil-
ity of J-PARC MLF. In this report, we describe the 
interlock system introduced to perform safety man-
agement of the USM beamline.

The interlock systems for the U-line
 There is an area named U1 at the beam exit of 
the U-line where the USM beam is generated us-
ing an intense surface muon beam. The U1 area is 
isolated by radiation shield walls with limited access 
from a side door and from the top upon removal of a 
cell shield (see Fig.1).
 The USM beam is transported to the U1 experi-
mental area (U1A/B) adjacent to the shielded area. 
The human access to the U1 shielding area or U1 
experimental area is allowed only when the muon 

beam is not supplied to those areas.
 In order to protect the personnel working in these 
areas against radiation hazard, a muon blocker, a 
capture solenoid magnet and an access door are 
interlocked to the beam [personnel protection sys-
tem (PPS)]. For further improvement of safety, the 
PPS system has fail-safe apparatus for stopping the 
muon beam. 
 The PPS devices for U1 shielding area consist 
of a capture solenoid US1 and the U-line muon 
blocker. Those for the U1 experimental area are two 
U1 area muon blockers (see Fig.2). The operation 
modes are summarized in Tables 1 and 2.
 Table 1 shows the requirement for muon beam 
supply to the U1 shielding area and the U1 experi-
mental area. And Table 2 shows the requirement for 
access to both areas.

RCS 3NBT Primary Proton line Neutron Target

Capture Solenoid
US1

Ultra Slow - Muon beamline
(U-line)

D-Muon beamline

U-line Muon Blocker

U1 area Muon Blocker
U1 Shielding area

U1 Experimental area

Muon Target (Carbon Graphite)

D1 Experimental area

Panic Button
Search Button
Blocker Controller
Door Controller

Door
Door

Door

Figure 1.  Schematic diagram of interlock devices for the U-line and the ultra-slow muon beamline.
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Left   : Search Button
Right : Panic Button Door Controller Blocker Controller

Figure 2.  PPS Interlock system controllers.

U1 shielding area muon beam “ON”.
(allowing to open U-line muon blocker and turn ON 
US1 power supply)

• U-line muon blocker controller all keys locked in.
(U1 shielding area door closed and locked)

U1 experimental area muon beam “ON”
 (allowing to open two U1 area muon blockers)

• U1 area muon blocker controller all keys locked in.
(U1 experimental area door closed and locked)

Table 1.  Conditions for beam supply to the U1 shielding area and the U1 experimental area.

Table 2.  Conditions for access to the U1 shielding area and the U1 experimental area.

U1 shielding area • US1 OFF
• U-line muon blocker closed

U1 experimental area • Two U1 area muon blockers closed
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Magnetic Shields for W-target Chamber in U-line

 In the Japan Proton Accelerator Research 
Complex (J-PARC), the installation of a new muon 
beamline, called Superomega muon beamline, was 
completed on the U-line in the Materials and Life 
Science Experimental Facility (MLF) in October 
2012. The Superomega muon beamline is the sec-
ond beamline out of the four planned beamlines in 
the MLF/J-PARC. The basic properties and the in-
stallation of the Superomega muon beamline were 
already reported elsewhere [1, 2, 3]. The final pur-
pose of the Superomega muon beamline is the sur-
face muon source for the ultra-slow muon beam. 
The ultra-slow muon beam is an innovative beam 
with significant characteristics of tunable energy, 
small beam size, etc. The production method of the 
ultra-slow muon was reported in this issue [4, 5]. 
At present, the ultra-slow muon beamline is under 
construction at the downstream of the Superomega 
muon beamline. The residual magnetic field from 
the Superomega muon beamline at the ultra-slow 
muon production target (W target), which is a tung-
sten foil of 70 mm in width, 45 mm in height and 0.05 
mm in thickness, has a crucial influence to the ultra-
slow muon beam properties, such as the extraction 
and the focusing of the beam [4]. Furthermore, the 

magnetic field normal to the beam direction, signifi-
cantly reduces the spin polarization of the muon. 
To avoid these, we decided to construct a magnetic 
shield for the W target, which encloses the W target 
vacuum chamber. Here, we report on the magnetic 
shield for the W target placed 700 mm downstream 
from the last solenoid of the Superomega muon 
beamline.
 In order to reduce the stray magnetic field at the 
W target from the solenoids of the Superomega 
muon beamline, we installed the magnetic shield 
surrounded W target vacuum chamber. This is made 
mainly of an extra-low carbon steel (SUYP1) plate of 
20 mm in thickness. There are three plates normal 
to the beam axis of the Superomega muon beam-
line, and their dimensions are 1.2 m in width and 2.2 
m in height for the first plate, 1.0 m in width and 2.4 
m in height for the second and third one. The first 
plate which is made of ordinary iron, is placed right 
downstream of the last cryostat of the axial focus-
ing solenoid, the second one is located at 100 mm 
apart from the first plate, the last one is 200 mm fur-
ther downstream of the second one. Each plate has 
a hole for the beamline duct from the central axis of 
the beamline, and their diameters are 500, 400, 300 

Figure 1.  A top view of the magnetic shield for the ultra-slow muon production target. The upper region in the figure represents 
the magnetic field distribution by the superconducting solenoids.
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mm, respectively. The side plates of the magnetic 
shield are 2.4 m in height and 1.0 m in width. They 
are placed on the both sides of the W target cham-
ber 1.0 m apart from each other. Figure 1 shows 
a top view of the magnetic shield, the last two su-
perconducting solenoids of the Superomega muon 
beamline, and two zero-field correction coils. The 
muon beam is coming from the left to the right side, 
and is incident on the W target located in the center 
position between the two zero-field correction coils.
 The stray magnetic field at W target from the 
solenoids of the Superomega muon beamline and 
effectiveness of the magnetic shield were calcu-
lated using simulation code, TOSCA. Figure 2(a) 
shows the magnitude of the stray magnetic field 
without magnetic shield along the beam axis of the 
Superomega muon beamline. The curve shows that 
the magnetic field decreases with increasing the 
length from the last solenoid of the Superomega 
beamline. The magnitude of the stray magnetic field 
is 370 G at the W target (z = 0). The effectiveness 
of the magnetic shield is shown in Fig 2. As clearly 
seen in these figures, the stray field along the beam 

axis is drastically reduced by the magnetic shield in 
the range over the W target chamber. The magni-
tude of the residual stray field is less than 20 G at 
the W target. The residual stray field is originated 
from the large hole of the magnetic shield for the 
beamline duct, and the field can be canceled by 
using the three-direction zero-field correction coils 
equipped on the W target chamber.
 The measurements for the stray magnetic field in 
the vicinity of the W target were performed after the 
installation of the W target chamber and the mag-
netic shield downstream of the Superomega muon 
beamline using three-dimensional Hall probe on the 
three-direction positioning equipment. The mea-
sured and calculated stray magnetic field along the 
beam axis are shown in Fig. 3. Although there exists 
offsets between measured and calculated fields, the 
measured field exhibits a good agreement with that 
of the calculated one. The offsets between fields are 
probably originated from the effect of the magneti-
zation of the magnetic shields. We tried to cancel 
the residual stray magnetic field by using zero-field 
correction coils in three directions. The curve with 
zero-field correction coils exhibit 0 G at z = 0 and 
gradually increases with increasing z. And then, it 
shows peak structure of 20 G at around z = 700 
mm, and decreases with increasing z. As a result, 
the residual stray field is suppressed less than 1.5 
G over the region of the W target. The major com-
ponent of the residual stray field is the beam axis 
direction, and in the direction normal to the beam 

Figure 2.  The calculations of the stray magnetic field distri-
bution along the beam axis (a) without magnetic 
shield, (b) with magnetic shield. The tungsten tar-
get is located at z = 0.
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axis, the residual stray field is less than 0.2 G. Since 
the direction of the muon spin polarization is along 
the beam axis, the field along the beam axis does 
not affect the spin depolarization of the muons. And 
the residual stray field normal to the beam axis is 
sufficiently reduced by the magnetic shield for the 
change of the muon spin. It is concluded that the 
magnetic field environment around the W target is 
ready to start the experiment for extracting the ultra-
slow muon.
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Development of a Manufacturing Method of Highly Pure 
Tungsten Foil for Thermal Muonium Generation

 The Ultra-Slow Muon Microscope (USMM) will 
be utilized for promoting various advanced re-
searches by using ultra-slow muons, which have 
been developed at KEK-MSL and RIKEN/RAL since 
1995 [1,2]. Positive muons, generated in the pri-
mary proton beamline and transported to a vacuum 
chamber for generation of ultra-slow muons, are in-
troduced into a hot tungsten foil at 2000 K. Positive 
muons will capture electrons and will be converted 
into muonium atoms. Then the thermal muonium at-
oms would be evaporated into an ultra-high vacuum 
and ionized by a laser ionization method.
 A highly pure tungsten foil is essential, because 
a clean tungsten surface is required to obtain an in-
tense muonium emission. The thickness, the height, 
and the width of the foil are determined by the beam 
parameters of the introduced positive muons, and 
they are evaluated to be 50 μm in thickness, 54 
mm in height and 70 mm in width, respectively. 
Unfortunately, the companies, which had supplied 
in the past highly pure (6N, 99.9999%) tungsten 
foils, discontinued the manufacturing. It used to be 
manufactured by a hot rolling technique of highly 
pure tungsten bulk material. However, the hot roll-
ing apparatus for highly pure tungsten material must 
be specialized to tungsten, because the hot rolling 
needs to be performed at a much higher tempera-
ture than in the case of other materials. Therefore 
the development of different manufacturing meth-
ods was started instead of fabricating a new and 
expensive hot rolling apparatus.
 There are two categories of techniques to man-
ufacture a foil. One is piling up the material on a 
basal plate, such as a Chemical Vapor Deposition 
(CVD) method or a Physical Vapor Deposition (PVD) 
method, and the other is reducing the thickness of 
bulk material, for example, by mechanical polishing 
or etching. However, because piling up the material 
up to 50 μm is time-consuming, the manufacturing 
apparatus must be continuously and exclusively op-
erated. Therefore, the thickness-reducing technique 

was investigated first. Because the 6N-tungsten 
bulk material is expensive, ordinary pure tungsten 
material (3N, 99.95%) was utilized to evaluate the 
feasibility of the manufacturing process. Since it is 
well-known that tungsten bulk material can be cut by 
electric discharge machining (EDM) into 1-mm thick 
plates, commercially available tungsten plates with 
a thickness of 1 mm were utilized in these investiga-
tions. These plates were mechanically polished into 
0.2-mm thick plates. Continuously, the thickness was 
reduced up to 50 μm by two methods, etching and 
mechanical polishing, respectively. The aiming thick-
ness accuracy is 5%, which corresponds to 2.5 μm.
 The etching of tungsten material is performed 
under the following exothermic reaction:

2CIF3 + W → WF6(↑) + Cl2(↑)

 The chlorine trifluoride was supplied into a vacu-
um vessel at a rate of 500 standard-cc/min and the 
pressure was kept at 2.6 kPa by evacuating with a 
dry pump. The temperature was maintained at 80°C 
by a heater. Then the reaction speed was experien-
tially evaluated to be 20 μm/hour for the first hour 
and 40 μm/hour subsequently. To reduce the thick-
ness from 0.2 mm to 50 μm, the etching process 
was performed for 4 hours. The tungsten plate was 
set on a quartz table and the reaction had to take 
place on only one surface. However, because the 
tungsten plate was distorted by the reaction heat, 
the reaction did not take place just on one surface. 
Also, it was found out that it is difficult to keep the 
etching speed uniform on the whole area. This is be-
cause the reaction speed depends on the tempera-
ture. To keep the temperature precisely uniform on 
the whole area under the exothermic reaction, more 
segmented temperature control by individual heat-
ers is required. Consequently, the thickness varied 
from 48 μm to 108 μm. Figure 1 shows pictures of 
the etching apparatus and the distorted tungsten 
foil.
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 At the same time, mechanical polishing was 
performed. The tungsten plate was firmly bonded 
to a base with beeswax or solid wax and polished 
into a foil. At the beginning, the tungsten foil came 
out during polishing, because the foil was delami-
nated beyond the bonding force. The reason of this 
delamination can be recognized as a processing 
strain. Then the conditions of polishing, such as 
feed rate, grinding margin, count of spark-out and 
so on, were investigated by reference to a research 
by Y. Nagatomo [3]. As a result, uniform 50-μm thick 
foils could be successfully obtained. The obtained 
thickness accuracy was 10%.
 As a next step, the successfully-performed me-
chanical polishing was applied to a sintered tung-
sten bulk material, which is commercially available 
and made of nearly 6N-99.9999% tungsten. The 
6N-tungsten is not as ductile as the 3N-tungsten, 
because impurities are functionally doped to the 
3N-tungsten for increased ductility. Before polish-
ing, the tungsten block was sliced to 20 plates with 
a thickness of 1 mm by the EDM. Then the tungsten 
plate was polished under almost similar conditions 
to 3N-tungsten polishing pattern. However, in this 
case, it was found out that the load from the delami-
nation was much larger than for the former polish-
ing. Indeed, the foil easily came out and broke into 
pieces. By observing the breaking behavior and the 
broken pieces, we could deduce the following facts: 
(1) the specification of the tungsten plates itself, (2) 
the effect of the generated heat and the thermal 
stress during the polishing, and (3) the lack of bond-
ing force. The details and the measures taken are 
described below. (1) The specification of the tung-
sten plates was not completely suitable to our polish-
ing. When the bulk material was obtained, the grain 
size in the sintered process had not been checked 

carefully. The average grain size was 20 μm, which 
seemed to be somehow large in comparison with 
the thickness of the foil, 50 μm. The EDM had to 
be performed more carefully. The processing strain 
by the EDM was considered to be large, because 
a change in color was observed at the surface of 
the tungsten plates after the EDM. Therefore, the 
tungsten plates were annealed before polishing. As 
a result, we reduced the distortion, though some 
cracks occurred during polishing. (2) During the pol-
ishing, both ends were gradually delaminated. The 
mechanical polishing was performed by a surface 
grinding machine. Figure 2 shows pictures of the 
surface grinding machine and the polishing of the 
6N-tungsten foil. Even if the tungsten plates were 
set in any direction, the delamination occurred at the 
end of the longitudinal travel of the grinding (i.e., as 
the tungsten foil was twisted). Here, a green carbo-
rundum whetstone and a diamond whetstone were 
respectively used for a comparison. Also, copper al-
loy and iron alloy were used for a comparison as 
materials for the basal plate. As a result, no differ-
ences could be observed. (3) The bonding was not 
rigid enough, so delamination of the foil occurred. 
Successively, the polished tungsten powders or the 
ground whetstone slid into the gap between the foil 

Figure 1.  Pictures of the etching apparatus and the distorted 
tungsten foil.

Figure 2.  Pictures of the surface grinding machine and the 
polishing of the 6N-tungsten foil.

Longitudinal Travel
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powders

Marks of  
the powders

Figure 3.  Schematic drawing of the powders-sliding into the 
gap and a picture of the foil under polishing.
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and the basal plate. Figure 3 shows a schematic 
drawing of the powders-sliding into the gap, and a 
picture of the foil under polishing where the marks 
left by the powders can clearly be seen. As a result, 
the foil came away and broke into pieces. Figure 4 
shows pictures of the broken foils. To increase the 
bonding force, the beeswax was replaced with an 
epoxy bonding agent. Finally, one 6N-tungsten foil 
with the aimed dimensions was obtained. The foil 
bonded to the basal plate was exposed to organic 
solvents, and was detached from it successfully. 
The thickness accuracy was less than 5%. Figure 
5 shows a picture of the manufactured 6N-tungsten 
foil. The residual organic solvents on the tungsten 
foil were measured by a Fourier transform infrared 
spectroscopy. Consequently, no organic solvent 

was observed.
 In the future, the tungsten bulk material will be 
manufactured by tungsten powders with a smaller 
grain size. The conditions for EDM will be investi-
gated carefully. Then manufactured foil will be uti-
lized for a generation of ultra-slow muons.
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Figure 4.  Pictures of the broken tungsten foils. Figure 5.  A picture of the manufactured 6N-tungsten foil.
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 At the J-PARC Muon Science Facility (MUSE), 
located in the Materials and Life Science Facility 
(MLF) building, we are now constructing a new ul-
tra-slow muon beamline to extend the scope of the 
μSR technique from bulk material to thin films, multi-
layers, surfaces and extremely small samples. The 
new Super-Omega muon beamline (U-Line), which 
produces now the world’s strongest pulsed surface 
muon beam, will be used to generate intense ultra-
slow muons by the re-acceleration of thermal mu-
ons regenerated by the laser resonant ionization of 
muonium atoms evaporated from a hot tungsten foil, 
a method that originated from the Meson Science 
Laboratory at KEK. The re-accelerated beam (ultra-
slow muon beam) has better energy resolution, time 
resolution and space distribution compared to the 
initial surface muon beam.
 The design of the new ultra-slow muon beam-
line was already reported in the previous KEK-MSL 
Report (2011). During this fiscal year, the beamline 
components were constructed by Irie Koken Co., Ltd. 
Figure 1 shows a picture of the completed ultra-slow 
muon beamline during the factory inspection. In the 
foreground, one can distinguish the two branches of 
the beamline leading to the two experimental areas: 

U1A on the left (Ultra-Slow Muon μSR) and U1B on 
the right (Reacceleration and Microbeam μSR), re-
spectively. A closer view of some of the optical ele-
ments is shown in Fig. 2. Figure 3 shows pictures of 
the beam monitor and slit assembly. There are five 
such assemblies located along the ultra-slow muon 
beamline for monitoring and tuning purposes. Both 
horizontal slit mechanisms (left and right) are re-
motely activated from the same side, while the ver-
tical slits (top and bottom) are both mounted from 
below. This compact arrangement leaves space for 
a beam monitor transfer mechanism to be placed 
at the top of the vacuum chamber. At the moment 
either a standard MCP detector (micro channel 
plate, 40-mm in diameter, single anode) or a two-di-
mensional MCP detector (with delay-line anode for 
high resolution 2D-imaging from RoentDek Handels 
GmbH.) can be mounted. The detector is lowered 
behind the slits that can also be used to evaluate 
the beam profile with a single-anode MCP.
 The ultra-slow muon beamline was delivered to 
MLF in November 2012, and the installation and 
alignment started in January 2013. The first ultra-
slow muon beam is expected by the end of the 
spring of 2013. 

Construction of the J-PARC/MUSE Ultra-Slow Muon Beamline

Figure 1.  The new ultra-slow muon beamline during the inspection at the factory.



161Muon Science

 The full Geant4 beamline transport simulation of 
the ultra-slow muon beam is also in progress us-
ing the PSI simulation package. The magnetic and 
electric field distributions of each individual compo-
nent were calculated using the code OPERA-3D 
(TOSCA), and incorporated in the simulation code.

Figure 3.  Beam monitor and slit assembly.

Figure 2.  Optical elements: electric quadrupole (top left), 
90° electric bend (top right), and entrance of the 
double electric bend (bottom), respectively.
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Installation and Simulation of Ultra-Slow Muon Beam Line

 At the J-PARC Muon Science Facility in the MLF 
building, we installed the ultra-slow muon beam 
line at the end of the Super-Omega beam line of 
the U-Line [1]. Highly intense surface muons with 
energy of ~4 MeV are provided from the Super-
Omega beam line and implanted into a hot tungsten 
foil as a source of ultra-slow muons. The ultra-slow 
muons are produced by combination of the ther-
mal muonium evaporation from the surface of the 
2000-K tungsten foil and the resonant ionization by 
utilizing a VUV Laser [2]. After the ionization, the 
ultra-slow muons are accelerated to 30 keV and are 
focused by cylindrical electrostatic lens, so-called 
SOA Lens. The extracted ultra-slow muon beam is 
transported to two experimental ports; one is uti-
lized for the ultra-slow μSR research and the other 
for realizing a micro radius beam by re-acceleration 
to several hundred keV. The beam line consists of 
a magnetic bend for mass analysis, several electro-
static bends and lenses. All of the power sources 
for these devices are controlled by PLC. A remote 
control system operating through the Internet was 
constructed. A power source to heat up the tungsten 
target with the pulsed interrupt function to suppress 

the magnetic field induction was also installed. 
 Investigation of the beam optics parameters was
performed based on the Monte Carlo simulation [3]. 
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Figure 1.  Estimated x-y plots of beam spots at the first (left) and last focal planes (right) in unit of mm.

Devices / unit Value
EQ1 / kV -0.250

MB / Gauss 125.04
EQ2 / kV -0.300
EQ3 / kV +0.150
EB1 / kV 3.7176
EQ4 / kV +1.145
EQ5 / kV -2.075
EQ6 / kV -2.000
EQ7 / kV +1.100
ED / kV 2.450
EB2 / kV 3.7250
EQ8 / kV 0.900
EQ9 / kV -1.400
EB3 / kV 3.7500

EQ10 / kV 1.000
EQ11 / kV -1.613
EQ12 / kV 0.755

Table 1.  beam optics parameters for 15-keV muons trans-
ported to the μSR setup.
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The three dimensional static electric and magnetic 
fields, applied to the simulation, were calculated 
with the finite element method (OPERA-3D) where 
the contents such as the shape of electrodes, sup-
ports and surroundings were reproduced as closely 
as possible. The maximum transportation rate was 
more than 90% from the first focal plain to the last 
focal plane (just before the Einzel lens) with the pa-
rameters listed in Table 1. And the estimated beam 
spots at the first and the last focal plane are shown 
in Fig. 1. 
 Early in the next fiscal year, we are first plan-
ning a commissioning of the ultra-slow muon beam 
line with 6,7Li+ ions that the natural tungsten foil con-

tains as impurities. By heating up the tungsten, the 
Li ions are spontaneously evaporated and that can 
be utilized as a pilot beam. After the commissioning 
with the Li ions, we will start the resonant laser tun-
ing. We steadily advance the preparation of the first 
ultra-slow muon beam as early as possible. 
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Transport System of Laser Pulses

 The transport system of laser pulses [1] introduc-
es laser waves to the muonium (Mu, μ+e-) produc-
tion vacuum chamber [2] on a new-muon beamline 
(U-line) in J-PARC [3]. The Ultra-Slow Muon Beam 
[4] is produced by laser resonant ionization of ther-
mal (E~0.3 eV) muonium. In this laser resonant ion-
ization process, thermal Mu is excited (1S→2P) by 
a coherent vacuum ultraviolet wave (VUV, 122 nm, 
Lyman-α) and ionized by a 355-nm wave (UVA). 
This coherent VUV wave, a pulsed resonance ra-
diation, is generated in a Krypton (Kr) gas cell by 
sum-difference frequency mixing of a 212-nm wave 
(UVC, two-photon resonant excitation) and a tun-
able difference wave (near infrared, NIR, 820 nm) 
[5]. These coherent radiation sources, based on a 
diode-pumped fiber laser and solid-state laser tech-
nologies, have been developed by Saito et al. at 
RIKEN [6], and installed in a laser cabin [7].
 These vacuum chambers for the transport sys-
tem (manufactured by AVC Co., LTD. [8]) consist of a 
VUV steering vacuum chamber and a nitrogen mon-
oxide (NO) gas cell (Fig. 1). The VUV pulse gener-
ated in the Kr gas cell goes sequentially through the 
VUV steering chamber, the Mu production chamber, 
and the NO gas cell. In the VUV steering chamber, 
two “bright” fundamental waves (212 nm, 820 nm) 
can be separated from the VUV wave by wavelength 
dispersion of the refractive index at a LiF wedge 
plate. The 355-nm wave has nearly the same inci-
dent angle to the Mu production chamber as that of 
a VUV wave. At the NO gas cell, there are parallel 

plates that accumulate nitrogen monoxide molecules 
ions for measuring the intensity of the VUV pulse [9].
 The VUV steering chamber has two mirror con-
trol units (Fig. 2). High vacuum (<10-6 Pa) can be 
achieved in the VUV steering chamber, since the-
mirrors equipped in this chamber, are steered 
from outside of the chamber, by magnetic coupling 
mechanism, and no other drive mechanisms, such 
as piezoelectric system, etc., are adopted in it.
 Since mirror control units were prepared for 
each VUV pulse and 355-nm pulse, individually, we 
can easily control the distance between these puls-
es and the Mu production target (tungsten foil). By 
monitoring the ionization rate of the thermal Mu with 
changing this distance, it will be revealed whether 
the thermal Mu follows a Boltzmann distribution.
 For the design of the VUV steering chamber, cal-
culations of the ultimate pressure and optics were 
carried out.
 Since, the thermal Mu production requires ultra-
high vacuum (10-7 Pa~10-8 Pa), the VUV steering 
chamber is differentially pumped from the Mu pro-
duction chamber (Fig. 3). The calculation of differ-
ential pumping is as follows:
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Figure 1.  Transport system of laser pulses.

Figure 2.  Mirror control unit.

Figure 3.  Diagram of a differential pumping.
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 Conductance C of the thin tube (whose length 
is 12 cm, and the section is of rectangle shape of 
5 × 2 cm for vertically long radiation profile of VUV 
pulse) is 0.04m3/s. Then, the pressure of the Mu 
production chamber P2 reaches less than 1 × 10-7 
Pa, when that of the VUV steering chamber P1 is 
around 1 × 10-6 Pa.
 For measurements of the total outgassing rate, 
a bench test chamber was prepared (Fig. 4). The 
chamber has a Pirani and cold cathode vacuum 
gauge and a quadrupole mass spectrometer (QMS).
 The calculation of the total outgassing rate by 
the equation of buildup is as follows: (V: volume of 
the chamber)

 According to this calculation, (Table 1. shows the 
results) the total outgassing rate and the ultimate 
pressure of the VUV steering chamber are estimat-
ed to be less than 1 × 10-7 Pa m3/s, 1 × 10-7 Pa, 
respectively.
 In order to investigate the components of the out-
gassing, QMS measurements were also performed. 
The existence of the usual gases was confirmed 
for the residual gas components, such as H2O, O2, 
and CO2, and no specific gas, such as hydrocarbon, 

which is thought to reduce the yield of the Mu, was 
registered. In addition, the pressure changes while 
moving the mirror control unit in the test chamber 
were examined using a pressure gauge. The pres-
sure of the chamber increases from 7.5 × 10-7 Pa to 
1 × 10-6 Pa, and decreases to its original value in a 
few minutes.
 Radiation profiles and the separation of laser puls-
es are calculated by a ray-tracing, Optica (Fig. 5). 
 Although a cylindrical lens of MgF2 was used 
for pulse separation at RIKEN-RAL muon facility 
[10], a wedge plate of LiF is planned to be used for 
horizontal pulse separation (Fig. 6), and the vertex 
angle of this wedge plate is 6°. At present, a new 
way of focusing in Kr gas is extensively studied in 
RIKEN to adapt high intense laser pulses. 
 Next, the vertically long profile of VUV pulse is suit-
able for effective ionization of Mu. A cylindrical lens of 
LiF is used for making vertical profile (Fig. 7). The ra-
dius of the curvature of this lens is -100 mm, now.

P2 − P1 = Qd
1

C
; P1 =

Q1 +Qd
S1

; P2 =
Q2 − Qd
S2

⇒








P1 =
(C + S2)Q1 + CQ2
C(S1 + S2) + S1S2

P2 =
(C + S1)Q2 + CQ1
C(S1 + S2) + S1S2

P (t) = P0 +
Q

V
t ⇒ Q =

dP

dt
V

Figure 4.  Test chamber for outgassing measurement.

QMS

Cold Cathode
gauge

GV

TMP

Q / (Pa m3/s)
Test chamber (empty) 3.6 × 10-9

Mirror mount (1 in.) 1.1 × 10-9

Control unit for mirror 3 3.1 × 10-9

Mirror(Al plane mirror, 2in.) 2.8 × 10-9

Table 1.  Total outgassing rate.

Figure 5.  Coordination of Ray trace.
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 The transport system of laser pulses was tempo-
rary set on the shielding of the D-line (Fig. 8). Then, it 
was confirmed that there was no leak in the chamber. 
 Fig. 9 shows the current status at the U1 shield-
ing area. We are also in the process of improving 
the laser safety.
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Figure 7.  Ray trace for the profile of VUV pulse.
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Figure 8.  Temporary setting of the VUV steering chamber.

Figure 9.  Transport system of laser pulses and Mu produc-
tion chamber.
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Coherent Lyman-α Resonance Radiation Source 
for Ultra-Slow Muon Microscope

 A coherent light source is one of the important 
devices to advance various branches of science, 
and the accelerator-based science is no exception. 
We are going ahead with the development of high-
energy coherent muonium Lyman-α resonance 
radiation source towards the realization of high-in-
tensity, low-temperature, high-time resolution, and 
high-spin polarized ultra-slow muon source. Such a 
muon source is required for the ultra-slow muon mi-
croscope at the Muon Science Laboratory [1]. The 
energy-level spacing between 1S and 2P in muon-
ium corresponds to a wavelength of 122.09 nm and 
the wavelength is called Lyman-α resonance line. 
And our aim is to realize output energy of 100 μJ/
pulse at 122.09 nm.
 Muonium Lyman-α resonance radiation is gen-
erated in a four-wave mixing process involving two 
photons at 212.556 nm and a third photon at near 
820.649 nm [2, 3]. The frequency ω1 = c/(212.556 
× 10-9 m) is resonant with the two-photon transition 
4p-5p[1/2,0] of Kr. We designed coherent 212.556 
(Omega 1) and 820.649 nm (Omega 2) light sourc-
es based on the most-advanced techniques of all-
solid-state lasers, fiber lasers, and nonlinear fre-
quency conversion as shown in Fig. 1.
 A distributed feedback laser was used for the 
purpose of determining the oscillation wavelength, 
which is fundamental in the nonlinear frequency 
conversion. The frequency ω1 is the fifth harmonic 
of the fundamental at a frequency of c/(1062.78 × 
10-9 m) Hz and a two-photon resonance frequency 
in order to excite Kr. The all-solid-state amplifier is 
composed of two types of optical amplifiers: regen-
erative amplifier and side-pumped amplifier. The re-
generative amplifier produced 2 mJ optical pulses at 
a repetition rage of 25 Hz. The output pulses were 
amplified up to 80 mJ after amplification through the 
side-pumped amplifier. The duration of the pulses 
was approximately 2 ns. We expect that the output 
power at 1062.78 nm will increase up to 1 J with the 
use of power amplifiers.

 The fundamental is incident on a 20-mm-long, 
uncoated LiB3O5 crystal and generates a wave at the 
second harmonic frequency in the condition of non-
critical phase matching. The fourth harmonic (4ω1/5) 
is produced in frequency doubling of the second 
harmonic wave in a 7-mm-long BaB2O4 crystal. The 
fifth harmonic is generated in sum-frequency mixing 
using the fundamental and the fourth harmonic in 
another 7-mm-long BaB2O4. Omega 1 can currently 
increase the pulse energy up to a maximum of 8 mJ.
 Omega 2 is a coherent 820.649 nm light source 
based on optical parametric oscillation and ampli-
fication. We developed a spectrum-broadened di-
ode laser, which was used as an injection seeder 
to determine the center wavelength and spectrum 
bandwidth in the optical parametric processes. The 
output spectrum linewidth emitted from the diode la-
ser was determined to be 235 GHz.

Figure 1.  Lyman-α resonance radiation source.
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 Omega 2 was pumped with a flashlamp-pumped 
frequency-doubled Nd:YAG laser. The pulse width 
was approximately 7 ns. A maximum output energy 
of 2.3 mJ with a duration of 6 ns was emitted from 
the optical parametric oscillator using a 15-mm-
long, uncoated KTP crystal in a resonator. The opti-
cal parametric amplifier consists two 15-mm-long, 
uncoated KTP crystals. The constitution of walk-off 
compensation amplified output pulses produced in 
the optical parametric oscillator up to an output en-
ergy of 13 mJ at 820.649 nm.
 Output pulses at 212.556 and 820.649 nm were si-
multaneously and coaxially input to a Lyman-α shifter. 
The wave-vector mismatch is negative for vacuum ul-
tra violet wavelengths shorter than the Kr resonance 
line at approximately 124 nm. Generally, a positively 
dispersive buffer gas such as Ar is mixed to satisfy the 
phase matching condition. The pressure of Kr-Ar gas 
(PAr/PKr ≈ 3) gas cell was set to a pressure of 2.6 × 
10-1 Pa. Fig. 2 (a) shows a temporal pulse of Lyman-α 
resonance radiation generated in two-photon reso-
nance four-wave mixing in a Kr gas cell. We observed 
the increase of output intensity at 122.09 nm with the 
decrease in pressure up to 1.0 × 10-1 Pa.
 In conclusion, we have successfully generated 
muonium Lyman-α resonance radiation. We carried 
the coherent Lyman-α resonance radiation source 
in muon U-line on March 22, 2013 and constituted 
it for a principle experiment of ultra-slow muon gen-
eration as shown in Fig. 3.
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Figure 2.  (a) Lyman-α pulse generated in two-photon reso-
nance four-wave mixing. In the four-wave mixing 
(b) ω1 was blocked and (c) ω2 was blocked.
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Installation of Kalliope additional positron detectors 
to DW-1 spectrometer

 In FY2010 and FY2011, we developed the proto-
type of a new positron detector system called Kalliope 
[1,2]. In FY2012, we installed 12 Kalliope modules to 
the existing μSR spectrometer DW-1 to double the 
detector solid angle [3]. We also developed an auto-
tuning program of the threshold level to adjust the ef-
ficiency of the individual pixel positron counters. The 
commissioning and the application to the user mea-
surement have revealed a problem, which requires 
an improvement of the detector photodiodes. 
 Kalliope, which stands for KEK Advanced Linear 
and Logic-board Integrated Optical detectors for 
Positrons and Electrons, is a high-density positron 
detector array necessary for pulsed muon facilities. 
It consists of (1) plastic scintillator telescope on the 
scintillator board, (2) analog front-end board with an 
application specific Integrated Circuit (ASIC), which 
makes a digital pulse from the analog input signals, 
and (3) digital board with field-programmable gate 
array (FPGA), which stores the timing information of 
the digital pulses and transfers it to the DAQ com-
puters. In FY2012, we developed a Kalliope module 
(v1.0-DW-1plus design), which could be installed to 
the existing DW-1 spectrometer. The specifications 
of the module are summarized in Table 1.
 The photo of the developed Kalliope module is 
shown in Fig.1. By placing a scintillator board, which 
is separated from the analog board and connected 
by coax cables, the scintillator telescope may point 
to any angle, independently from the analog board 
orientation. 
 These Kalliope modules are installed to DW-1 

spectrometer as shown in Fig.2. The upstream in-
stallation is particularly challenging due to the lim-
ited space: Kalliope modules are installed between 
the existing PMT-based detectors and the beam 
duct. The detector solid angle of the Kalliope units 
installed is almost the same like that of the existing 
PMT-based detectors, which is 8%. After the instal-
lation, the overall detector solid angle of DW-1 yields 
18% approaching to the standard solid angle (20-
25%) available in the conventional μSR spectrom-
eters used around the world. 
 Fig.3 shows the μ-e decay time spectra with and 
without the Kalliope contributions. With the Kalliope 
modules installed, the μ-e decay count rate doubled 
due to the increased detector solid angle.
 One achievement in FY2012 was the develop-
ment of an auto-tuning script of the threshold level of 
the Kalliope modules, which was necessary to have 
before proceeding with a mass installation. The pro-
cedure was originally planned to search for an ap-

component specification

Scintillator block 16 pairs of plastic scintillators (1 × 1 × 
1.2 cm), installed on GN1274-1 board

Analog board Volume 2011 ASIC on GN1186-3 board

Digital board BBT x-027 = GN1078-2 board

GN-XXXX is the catalog number of the manufac-turer, GND 
(Tateyama, Japan)

Table 1.  Specifications of Kalliope v1.0-DW-1plus design.

Figure 1.  Kalliope-v.1.0-DW-1plus design. It consists of 
scintillator block on scintiboard, analog board and 
digital board. The coax cable connecting the scin-
tiboard and analog board is Nihon-IF CJP series.
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propriate count rate of each counter by changing 
its threshold level. However, the cross correlation of 
the threshold levels between the channels prohib-
ited a straight-forward calculation of the threshold 
level. We adapted a simplified algorithm of a com-
mon threshold level for all counters and made a 
convergence. The cross-correlation originated from 
a bug in the ASIC internal circuit, and was reflected 
in the design of the following Volume-2012 ASIC. 
 Another problem, which became evident after 

mass and actual installation of the Kalliope modules, 
was a rate-dependent deformation of the μSR spec-
trum. The μ-e decay time spectra, which appears to be 
fine in Fig.3 was deformed in the early stages beyond 
the level explained by the usual accidental pile-ups 
of positron signals. The reason was the combination 
of (1) instantaneous high count-rate associated with 
the after-pulse from the multi-pixel avalanched photo 
diode MPPC and (2) the saturation of the input ampli-
fier of Volume-2011. Although the latter is inevitable 
with the current design of the ASIC, the former may 
improve with the new design of MPPC (Hamamatsu) 
which is going to be released in mid-2013. 
 As a result of the installation of Kalliope to the 
real spectrometer, tools and tips necessary for the 
operation were accumulated in FY2012. We also 
encountered new problems, which became evident 
after the actual application of the modules in μSR. 
We indent to solve these problems and aim to man-
ufacture full-sized spectrometers in FY2013. 
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Figure 2.  Kalliope modules installed to DW-1 spectrometer. 
They are installed into the free space between the 
existing PMT-based counters and the beam duct.

PMT-based
old counters

APD-based
Kalliope

beam
duct

Kalliope

Kalliope
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Installation of Dilution Refrigerator at J-PARC MUSE

 Low temperature electronic and magnetic prop-
erties are often very important to clarify an intrin-
sic property of the material. To meet the strong 
demands from the users for experiments below 
1 K, we installed a dilution refrigerator (DR) at D1 
area, MUSE. The DR was previously used at KEK-
MSL, which could achieve a temperature lower than 
20 mK. The main feature of the DR is a “top-loading” 
system. For an ordinary dilution refrigerator, the dilu-
tion unit should be warmed up to room temperature 
to change a sample. Therefore, it takes a few days 
to change and cool down a sample. Meanwhile, in 
our top loading DR, a sample can be changed by 
unloading or loading just the sample holder. This 
feature is quite useful for a μSR experiment.
 In February 2010, we transported the DR system 
from Tsukuba to Tokai, and started the installation at 
J-PARC MUSE. We also constructed the new stage 
for the DR at D1 area. Figure 1 shows the DR, and 
the stage at D1 area. 
 The cooling down of the DR is carried out by the 
following procedures:

1.  Evacuation of the outer and inner vacuum can to 
high vacuum (12 h)

2. Pre-cooling by liquid nitrogen (24 h)
3. Preparation of liquid helium transfer (6 h)
4. Liquid helium transfer (12 h)
5. Cooling down to 4 K (3 h)
6. Cooling down of 1 K pot to 1.5 K (1 h)
7. Condensation of 3He/4He mixture (2 h)
8. Circulation of 3He/4He mixture (8 h)

 At least, 3 days are required to cool down to 4 K 
and another 12 h is necessary to cool down to low-
est temperature (20-30 mK). For exchanging and 
re-cooling down of the sample, it takes roughly 12 h.
 In the beginning of the installation, we found out 
that there was a serious leakage at the plate heat 
exchanger and the indium seals of the DR unit. 
Additionally, several problems of the thermometers, 
the heaters and the vacuum sealing were found. 
These problems have been already fixed and now 
DR is used for several users’ experiments. These 
results will be published elsewhere.

Figure 1.  (Left) Dilution refrigerator at D1 area. Top flange of the DR is ~3 m from floor. (Right) Dilution unit.
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 We have carried out test experiments by us-
ing blank silver sample holder without sample. As 
shown in Fig.2, no significant muon spin relaxation 

was seen under TF of 20G. This result indicates that 
the implanted muon stopped just on silver plate. 

W. Higemoto1,2, T. U. Ito1,2, K. Yamauchi2,3, and A. Koda2,3

1Advanced Science Research Center, JAEA; 2Muon Science Section, Materials and Life Science Division, J-PARC Center; 3Institute of Materials 
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Figure 2.  Test experiment with blank silver holder.
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Masanori Miyazaki and Masatoshi Hiraishi explain the ba-
sics of muon spin relaxation to MLF school participants, 
Kenji Tsutsumi and Kentaro Sato, from Tohoku University.

Masatoshi Hiraishi and Kenji M. Kojima work on the newly-
installed ‘Kalliope’ detector system of the DOmega-1 spec-
trometer at the D1 experimental area.

Shunsuke Makimura with the rotating muon production 
target that he designed. 

Koichiro Shimomura with the SuperOmega curved sole-
noid installed at the U-line – the world’s highest intensity 
surface muon channel.

Yutaka Ikedo and Takashi Nagatomo align the vacuum 
chamber used to generate thermal muonium for ultra-
slow muon formation at the U1 area.

Patrick Strasser and Yutaka Ikedo work with contractor 
technicians on the Mu production chamber in the U1A area.

Yu Oishi, Koji Miyazaki, Kotaro Okamura, Norihito Saito 
and Masahiko Iwasaki from RIKEN work with Jumpei 
Nakamura to prepare an intense VUV laser system used 
to ionize Mu in the laser cabin.

Scenes from the Muon Experimental Hall
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Advance Neutron Beam Line for VIllage of Neutron 
ResOnance Spin Echo Spectrometers (VIN ROSE) at BL06

 The neutron spin echo (NSE) technique is an es-
sential spectroscopic method, which enables us to 
achieve the highest neutron energy resolution. NSE 
with a pulsed neutron source makes it possible to 
scan a wide dynamic range of Fourier time.
 Kyoto University and KEK are installing two 
types of NSE spectrometers at BL06, which are a 
neutron resonance spin echo (NRSE) instrument 
and a modulated intensity by zero effort (MIEZE) 
instrument. Both NRSE and MIEZE make use of 
neutron resonance spin flippers. Since NSE with 
neutron resonance spin flippers makes it possible to 
design compact spectrometers, multiple machines 
can be installed in a narrow space. In Figure 1, the 
schematic top view of the BL06 beam line is shown. 
Two curved supermirror guide tubes for each spec-
trometer will be installed. The space at BL06 is very 
limited, therefore the role of these curved guides is 
to create experimental space for two spectrometers 
and transport the optimized neutron beam efficient-

ly. By using curved guide tube, fast neutrons and 
gamma rays from the source are stopped by an iron 
beam dump.
 NRSE is suitable to study slow dynamics of 
soft condensed matter with high energy resolu-
tion, while MIEZE has the big advantage of flexible 
sample environments with the potential to open new 
fields of study such as spin dynamics in strongly 
correlated systems. Thus we have named BL06 
“VIN ROSE” (Village of Neutron Resonance Spin 
Echo Spectrometers) [1]. In the VIN ROSE, neu-
tron optical devices are key component and many 
of those are present in the spectrometers. Some of 
the devices, such as the focusing mirror and the re-
lated devices have been developed and improved 
step by step. All the supermirrors for these guides 
are deposited on silicon wafers with thickness of 
3 mm by using the ion beam sputtering machine at 
KURRI (KUR-IBS) [1, 2]. The supermirrors are hold 
precisely and covered by iron shields to reduce the 

Figure 1.  Schematic top view of MIEZE and NRSE beam line at BL06.

Figure 2.  Reflectivity of typical m=2.5 and 3 supermirror for (a) NRSE and (b) MIEZE spectrometer, respectively.
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dose level. The NRSE and MIEZE guides use m = 
2.5 and 3 supermirrors, respectively. Their high per-
formance has been proven by neutron reflectivity 
measurements etc., which is shown in Figure 2. 
 Currently, upstream concrete shielding has 
been installed on the BL06. The guide mirrors and 
downstream concrete shielding will be installed in 
FY2013, and the commissioning of the instruments 
will start from FY2014. In Table 1, the planning in-

strumental specifications of VIN-ROSE are listed.

References
[1]  M. Hino, T. Oda, M. Kitaguch, N. L. Yamada, 

H. Sagehashi, Y. Kawabata, H. Seto, Physics 
Procedia 42 (2013) 136.

[2]  M. Hino, H. Sunohara, Y. Yoshimura, R. Maruyama, 
S. Tasaki, H. Yoshino and Y. Kawabata, Nucl. Inst. 
Meth. A 529 (2004) 54.

H. Endo1,2, M. Hino3, T. Oda3, N. L. Yamada1,2, H. Seto1,2, M. Kitaguchi4, and Y. Kawabata3

1Neutron Science Section, Materials and Life Science Division, J-PARC Center; 2Institute of Materials Structure Science, KEK; 3Kyoto University 
Research Reactor Institute; 4Department of Physics, Nagoya University

Table 1.  Planning instrumental specifications of VIN-ROSE.

Spectrometer Wavelength Q range [Å-1] Fourier Time
MIEZE 3 < λ < 13 [Å] 0.2 < Q < 3.5 1 [ps] < t < 2 [ns]
NRSE 5 < λ < 20 [Å] 0.02 < Q < 0.65 0.1 [ns] < t < 0.1 [μs]
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Construction of The Pulsed Neutron Imaging Beam Line 
at J-PARC

1. Introduction
 The neutron radiography technique has been uti-
lized as an essential non-destructive inspection meth-
od in various fields due to its distinctive characteristics 
such as high transmittance and high sensitivity to light 
elements. Recently, a new imaging technique, using 
unique features of the neutron energy dependence of 
transmission rate, has been attracting attention, be-
cause it enables us to visualize spatial distributions 
of more physical quantities inside the objects as fol-
lows: crystallographic information by the Bragg edge 
method [1], elemental compositions and temperature 
by the resonance absorption method [2] and mag-
netic fields inside and outside of objects by the polar-
ized neutron method [3]. The pulsed neutron beam 
is very effective for such measurements to analyze 
the neutron energy dependences through the time-
of-flight method with a broad neutron energy range. 
To provide the new methods to the general users, we 

have started the construction of a pulsed neutron im-
aging instrument at BL22 in MLF of J-PARC. This is 
the world’s first instrument dedicated to the neutron 
imaging at pulsed sources.

2. Characteristics of the instrument
 The imaging instrument has been designed by 
taking into account the requirements for each imag-
ing technique. The Bragg edge imaging requires a 
wavelength resolution of 0.2% for strain measure-
ments, and neutron wavelength longer than 5 Å to 
cover the 1st Bragg edge. The resonance absorp-
tion imaging needs a neutron energy range of up to 
several tens of keV, and an energy resolution lower 
than 1% for the resonance peak analysis. The con-
ventional neutron radiography experiment, which is 
an indispensable technique even in the cutting-edge 
instrument, demands the highest neutron flux and 
the highest spatial resolution with a large beam size. 

Figure 1.  Illustration of the pulsed neutron imaging instrument at J-PARC.
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To satisfy all requirements, we introduce a select-
able beam divergence (L/D values) and two sample 
positions as shown in Fig.1. One is located at 18 m 
from the source to obtain the highest neutron flux 
of about 108 n/sec/cm2 and a wavelength of up to 
8.8 Å. The other is at 23 m to achieve enough high 
wavelength resolution for the Bragg edge imaging 
and the highest spatial resolution by the largest L/D 
value of 7500. The beam size of 300 mm × 300 mm 
is brought about by installing beam collimators in-
side the beam shutter.

3. Beam line components
 In the upstream optics section, neutron optical 
devices such as filters, T0 and disk choppers, a light 
shutter, rotary collimators, and B4C slits, are installed 
to provide suitable neutron beam to a sample. Inside 
the experimental room, a large sample stage with 
the load capacity of 1,000 kg is placed at the 2nd 
sample position to conduct observation of large 
samples or to handle large sample environments. 

 The two-dimensional detectors are the most im-
portant components of the instrument. The detec-
tors need to obtain time dependent images for the 
time-of-flight analysis. Therefore we have been de-
veloping counting type neutron detectors with high-
time resolution (Δ t = 10 nsec) and camera type de-
tectors with high spatial resolution (Δ > 10 μm). 
 The installation of the instruments started in the 
summer of 2013. The first beam derivation and the 
start of the commissioning are planned to begin in 
2014. 
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Polarized Inelastic Neutron Spectrometer POLANO

1. Introduction
 In the Materials and Life Science Experimental 
Facility (MLF), three chopper type spectrometers 
are now part of the research program. One of the 
remaining technical issues that should be realized 
in MLF is the use of a polarization neutron technique 
with a pulsed neutron beam. The polarized neutron 
experiments are quite significant for the material 
science, particularly for the research on magne-
tism, hydrogen materials, and strongly correlated 
electron systems entangled with multiple physical 
degrees of freedom. Therefore, new spectrometers 
that enable us to conduct polarization analysis are 
very much expected as forthcoming instruments. 
A joint project between the Institute of Materials 
Structure Science (IMSS), KEK, and the Institute of 
Materials Research (IMR) of Tohoku University was 
initiated with the aim of future construction of the 
spectrometer and research program for functional 
magnetic materials in 2009. Now, the POLANO 
(Polarization Analysis Neutron Spectrometer with 
Correlation Method) project has begun [1].

2. Conceptual Design of Spectrometer
 Our principal concept is to achieve higher-en-
ergy polarization analysis of inelastic scattering 
beyond a reactor-based neutron source. The suite 
of inelastic spectrometers involving an inverted ge-
ometry spectrometer and a spin-echo instrument in 
MLF can cover a relatively wide area in momentum 
(Q) and energy (E) space with various Q and E res-
olutions. Slow dynamics in soft matter to electron 
band excitation are targeted in the dynamical range 
of 10-9 eV ≦ E ≦2 × 100 eV. For detailed dynamical 
studies in advanced material science, polarization 
analysis is an inevitable technique in addition to the 
wide Q-E coverage. Hence, we propose a chopper-
type polarized neutron spectrometer which enables 
us to carry out inelastic experiments with reason-
able intensity for research of the dynamical proper-
ties in materials. 

 The basic instrumental parameters of the POLANO 
spectrometer are summarized in Table 1. Since the 
designing concepts of POLANO are compact with 
reasonably wide sample space design, higher neu-
tron flux, higher neutron energy polarization up to 100 
- 150 meV, and medium resolution, the geometrical 
condition, L2 = 2.5 m and L3 = 1.85 m were chosen. 

3. Beam Transport
 A 3D representation of POLANO is shown in 
Fig. 1. The 23rd beam line, where POLANO will 
be installed, is viewing decoupled moderator with 
a known pulse width of Δtm = a/√Ei with a = 2.5. 
After the moderator neutrons are transported by 
m = 4 supermirror guide tubes optimized for 110 - 
120 meV neutron intensity. An elliptical guide opti-
mized section by section (section length = 50 cm) 
can yield a neutron flux of 3.9 × 105 [n/sec/meV/cm2/
MW], which is almost comparable with a coupled 
moderator beam line at E = 100 meV.

4. Mechanical Choppers
 Below the exit of a biological shield, several 
types of choppers are placed. T0 chopper is the first 
chopper to eliminate fast and epithermal neutrons 
with a massive metal blade rotating with a maximum 
speed of 100 Hz [2]. The blade is made of Inconnel 
X750, which is known for having high strength with-
out using radiological elements with long lives such 
as cobalt. Though the weight of the blade is over 
120 kg, at 100 Hz of rotating speed, less than ±5 μs 

Parameters
Moderator H2 decoupled
L1 - L2 - L3 17.5 - 2.0 - 1.85 m

Energy resolution 3~5% at elastic position
Momentum resolution 1~2%

Sample size 20 × 20 mm
Detector angle (hor.) 3 - 120º
Detector angle (ver.) ±7º

Table 1.  Basic instrumental parameters in POLANO.



181What's new at the MLF in 2012?

of jitter (phase control accuracy) was achieved. In 
order to avoid the frame overlap of a 25 Hz proton 
(neutron) pulse in MLF, a slow rotating disk chopper 
will be installed in the beam line. Two disk chop-
pers synchronized with neutron pulse are placed at 
L = 7.5 and 13.9 m. A Fermi chopper will be used 
for monochromizing the incoming neutron energy. 
It is the same type of Fermi chopper developed for 
High Resolution Chopper spectrometer in MLF [3], 
which has a 600 Hz maximum speed with 0.3 μs 
jitter enabling high resolution and transmission ex-
periments. For more effective measurements, we 
adopt the cross correlation method that utilizes mul-
tiple wavelengths of neutrons for one inelastic mea-
surement. Hence, we have intensity gains of a fac-
tor of ten or higher in principle. A special type of disk 
chopper (correlation chopper) is required to realize 
this correlation method. The disk diameter is ideally 
over 1000 mm with a rotational speed of 350 Hz. 
Additionally, 255 (2N-1) open and close sequences 
are required to be on the disk [4]. These conditions 
are quite difficult to realize mechanically because 
the maximum stress evaluated is almost 4000 MPa.

5. Schedule
 We have almost completed the design of the 
spectrometer and have already started the manu-
facturing of several components, such as the T0 
chopper, detectors, guide tubes and so forth. The 
construction of a large beam line shielding will start 
in September of this year. Also, we have started con-

tracts for building the vacuum chamber, correlation 
chopper, part of the supermirror analyzer, and other 
utilities. Most parts of the instrument will be complet-
ed by March 2015. On the other hand, some crucial 
polarization devices still require R&D, and will take 
considerable time to be completed. Polarization de-
vices in POLANO are described in a Ref. [5].
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Figure 1.  Schematic view of the POLANO spectrometer.
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Beam Commissioning of the U-line and Update 
of the World Record of the Strongest Pulsed Muon Source

 In the Japan Proton Accelerator Research 
Complex (J-PARC), the installation of a new muon 
beamline, called Superomega muon beamline, was 
completed on the U-line in the Materials and Life 
Science Experimental Facility (MLF) in October 
2012. The Superomega muon beamline is the 
second muon beamline among the four planned 
beamlines in the MLF/J-PARC. The basic proper-
ties and the installation of the Superomega muon 
beamline were already reported elsewhere [1, 2, 3]. 
Here, we report on the results of the first extraction 
experiment and the beam commissioning for the 
Superomega muon beamline.
 In order to optimize the currents of the beam-
line magnet of the Superomega muon beamline, 
we started to perform the surface muon extraction 
experiment and beam commissioning for the U-line 
right after the installation of the Superomega muon 
beamline. The experimental setup of the muon 

beam commissioning is shown in Fig. 1. The trans-
ported muon beam profile was observed by the 
muon beam profile monitor using plastic scintillation 
fiber array or by the circular plate of the plastic scin-
tillator taken by an image intensifier tube (IIT) cam-
era placed on the focal point of the Superomega 
muon beamline. The diameter of the scintillation fi-
ber of the muon beam profile monitor is 2 mm, and 
15 fibers are aligned with 10-mm step for the both 
vertical and horizontal directions. The scintillation 
light excited by the muon beam from the fiber array 
counter is converted to electrical pulse signals by 
multi anode photo multiplier tubes individually, and 
then their integral intensity within the common gate 
signal adjusted the first pulse of the muon beam 
(muon beam in J-PARC has a double-bunched 
beam structure) are recorded by the 16channel 
charge to a digital converter (QDC). The number 
rate of the positive muon was detected by μ-e decay 
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Figure 1.  Schematic diagram of the experimental setup for the beam commissioning of the U-line.
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positrons emitted from the aluminum target placed 
behind the muon beam profile monitor. The μ-e de-
cay positron counter is a conventional hodoscope, 
which includes a set of two plastic scintillation coun-
ters. They are placed away from the target by 2.5 
m and 3.5 m in distance in the direction normal to 
the beam axis. A coincidence of the two signals of 
the μ-e decay positron counters are taken and then 
send to time to digital converter (TDC) for making 
time spectrum of μ-e decay positrons.
 Figure 2 shows a photo of the muon beam profile 
at the focal point of the Superomega muon beam-
line. The muon beam was incident on the plastic 
scintillation plate in the target vacuum chamber. 
The light from the plate was taken by the IIT cam-
era through the window of the chamber. The larger 
circle in this photo represents the edge of the scintil-
lation plate(the diameter is 130 mm). An ellipsoidal 
part seen in the center of photo, whose major axis 
is in vertical direction, indicates the muon beam pro-

file. Although the origin of the distortion of this beam 
profile is still unknown, it was seen that this distor-
tion of the profile appears in the optimized condition 
of the muon beam, i.e. the highest peak and integral 
intensities, and the narrowest beam size.
 A time spectrum of the μ-e decay positron coun-
ter is shown in Fig. 3 (a). The spectrum clearly 
shows a μ+ decay curve. According to the fitting re-
sult of the decay curve, the life time is estimated to be 
2.2 μs. This is in good agreement with the reference 
number of the average life time of the positive mu-
ons. The double bunch structure of the muon beam 
is also clearly seen in this spectrum. The positron 
prompt that is composed of scattered positrons by 
the target is sufficiently suppressed by the positron 
separator, although the intensity of the positrons in 
the muon beam was simulated 100 times larger than 
that of the muons [4]. A number rate of the muon 
beam was 6.4 × 107 positive muons/s, when the pri-
mary proton beam power was 212 kW. This corre-
sponds to 3 × 108 positive muons/s at 1 MW proton 
beam power. Figure 3(b) shows the beam profiles of 
vertical and horizontal directions at the focal position 
of the Superomega muon beamline detected by a 
plastic scintillation fiber array counter, after optimiza-
tion of the beam intensity and the width at the focal 
position by scanning the currents of the beamline 
magnets of the Superomega muon beamline. The 
results of the Gaussian fit for the vertical and hori-
zontal profile show that the widths (1σ) of the muon 
beam are 34 mm for the vertical direction and 30 mm 
for horizontal direction. As seen in the beam profile 
photo taken by the IIT camera, this results show 
that the muon beam profile represents the ellipsoi-Figure 2.  A picture of axial focusing solenoid.

Figure 3.  (a) μ-e decay time spectrum from aluminum target, (b) muon beam prole at target position detected by ber array counters.

0

2000

4000

6000

8000

10000

12000

12 140 2 4 6 8 10
×10−6

C
ou

nt
s

Time [s]

(a)

0

0.5

1

1.5

2

2.5

3

3.5

-100

In
te

ns
ity 

x, y [mm]

(b)

-50 0 50 100

x
y



184 What's new at the MLF in 2012?

dal shape with the major axis of vertical direction. 
Since our final goal for this beamline is the surface 
muon source for the ultra-slow muon beam, and the 
ultra-slow muon production target is the tungsten foil 
of 70 mm in width, 45 mm in height [5], this results 
indicate that more than fifty percent of the muons 
transported by the Superomega muon beamline is 
incident on to the target. We now started to construct 
the ultra-slow muon beamline and after that, we are 
planning to perform the extraction experiment of the 
ultra-slow muon beam as soon as possible.
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Strategic Use

 In keeping with our mandate to promote facility 
utilization, grow the user community and actively 
support national research priorities, CROSS-Tokai 
launched in JFY 2012 the Trial Use access system 
and the Elements Strategy Initiative on the Public 
Beamlines at the MLF within the science program 
area of Strategic Use.
  Trial Use Access System

 A key component of the CROSS-Tokai mission 
is to promote the use of, and facilitate access to, 
the neutron Public Beamlines at J-PARC MLF. With 
this motivation, CROSS-Tokai began this year the 
Trial Use Access System that aims to encourage 
and support first-time and novice users of neutron-
based experimental techniques.
 The specific objectives of the Trial Use System are:
   To grow the user community and,
   To promote the use and utility of pulsed neu-

trons through the development and demon-
stration of innovative new applications

 Accordingly, up to a maximum of five percent 
(5%) of the total beamtime on each of the Public 
Beamlines at the MLF will be set aside for Trial Use 
experiments in each round. 
 The Trial Use system is targeted at:
   First time and novice users of neutron-based 

experimental techniques and,
   First time users of pulsed neutron beams who 

wish to establish experimental feasibility and the 
capability of the instruments at J-PARC MLF.

 Employing the specialist expertise and experi-
ence of the CROSS-Tokai Science Coordinators 
and other appropriate staff, the Trial Use system of-
fers support to prospective users through the whole 
process of facility utilization including:
   Instrument selection and feasibility assessment
   Proposal preparation
   Experiment design, planning and execution
   Data analysis and interpretation
   Publication of results
 The Trial Use Access System applies only to the 

six Public Beamlines of J-PARC MLF that are sup-
ported by CROSS-Tokai. Anyone wishing to learn 
more about the Trial Use access system should 
contact CROSS-Tokai via the CROSShelp hotline at 
http://www.cross-tokai.jp/en/contact/crosshelp.shtml.
  Elements Strategy Initiative

 The Elements Strategy Initiative (ESI) is an inte-
grated strategic research program of the Japanese 
government that is designed to bring together in-
dustry, government, and academia in a coordinated 
way that streamlines the process of translating fun-
damental discoveries into real-life applications so 
as to maintain and promote the international com-
petitiveness of the Japanese economy and industry.
 The ESI has established four core research cen-
ters (CRCs) to lead the development of innovative 
materials and alternative technologies that have re-
duced or no reliance on rare earth or precious met-
als in the target research areas of:
   Magnetic Materials
   Catalytic and Battery Materials
   Electronic Materials
   Structural Materials
 As part of this integrated approach, the Public 
Neutron Beam Facility at J-PARC has been identi-
fied as one of the key pieces of national research 
infrastructure that should work in collaboration 
with the CRCs towards the goals of the program. 
Accordingly, a proportion (15%) of the total beam-
time on the Public Beamlines at the MLF has been 
ear-marked by the Selection Committee of CROSS-
Tokai to support these research activities.
 In addition, members of the CROSS-Tokai and 
MLF staff have been appointed to work as expert 
advisors to the CRCs to assist with the process of 
identifying areas in which neutron scattering can con-
tribute to the research effort and to assist with the 
preparation of proposals and experimental planning.
 We look forward to reporting many exciting re-
search outcomes from our collaboration with the 
ESI in coming years. 
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 As part of their respective roles as Registered 
Institution responsible for the promotion of Public 
Beamline utilization at J-PARC MLF and SPring-8, 
CROSS-Tokai and JASRI commenced in the 2013A 
proposal round a trial of a Complementary Use 
Proposal Program.
 By encouraging and supporting the simultane-
ous and complementary use of pulsed neutrons 
(J-PARC MLF) and synchrotron radiation (SPring-8), 
the program aims to enhance the quality, scope 
and impact of research outcomes from the Public 
Beamlines at both facilities.
 In the first trial phase of the program, applicants 
wishing to have their proposals considered within 
the Complimentary Use framework are asked to 
submit separate proposals through the General Use 
access systems of both J-PARC MLF and SPring-8. 
These applications are considered separately with-
in the normal proposal assessment mechanisms 
and, if approved by both facilities, are recognized 
as “Complementary Use” proposals.

 It is hoped that the Complementary Use program 
will develop in coming years to the point where a 
single research proposal will qualify the applicant 
to receive beamtime allocations from multiple fa-
cilities. Similarly, it is expected that the scope of the 
Complementary Use program will soon expand be-
yond the Public Beamlines at SPring-8 and J-PARC 
MLF to include other instruments at these facilities 
and even other organizations.

SPring-8 

(Courtesy of RIKEN, JASRI)

JASRI – CROSS-Tokai Complementary Use Proposal Program
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CROSS-Tokai - 2012 Update

About CROSS-Tokai
 In July 2009, the Japanese government estab-
lished at J-PARC the Public Neutron Beam Facility 
consisting of the accelerators used to generate the 
neutron beams and a proportion of the beamlines 
that exploit them for research purposes.
 In order that open access to major publicly-
funded research facilities be guaranteed, the policy 
framework within which the Public Neutron Beam 
Facility was created required that an independent 
third-party organization be responsible for the ad-
ministration and support of the science program on 
the so-called Public Beamlines. 
 CROSS-Tokai was appointed to this role by the 
Ministry of Education, Culture, Sports, Science and 
Technology in March 2011 and soon after began op-
erations out of its newly-established offices within 
the J-PARC precinct.

CROSS-Tokai and J-PARC
 Although CROSS-Tokai is structurally indepen-
dent of JAEA and KEK – the co-owners and opera-
tors of J-PARC – it maintains a high level of coop-
eration and collaboration with the two founding or-
ganizations that is driven by the common scientific 
objectives of all the stakeholders. Figure 2 shows 
a schematic representation of the operational and 

functional relationship between CROSS-Tokai and 
J-PARC.

The Public Beamlines at J-PARC・MLF
 The MLF has capacity to accommodate up to 23 
neutron beamlines around the present target sta-
tion. There are currently 17 neutron and 2 muon 
beam instruments in operation, 1 neutron instru-
ment in commissioning and 3 new beamlines un-
der construction. Of these, 5 beamlines have been 
designated as Public Beamlines as part of the 
Public Neutron Beam Facility and are supported by 
CROSS-Tokai.
 Though not exhaustive in their experimental ca-
pability, the Public Beamlines cover a wide range 
of neutron scattering techniques and research ap-
plications. The Public Beamlines at J-PARC・MLF 
are:
  BL01 4SEASONS - 4D-Space Access Neutron 

Spectrometer
  BL02 DNA - Biomolecular Dynamics Spectrometer
  BL15 TAIKAN - Small and Wide Angle Neutron 

Scattering Instrument
  BL17 SHARAKU - Polarized Neutron Reflectometer
  BL18 SENJU : Extreme Environment Single 

Crystal Neutron Diffractometer

Linac

( Muon-Neutron )

50GeV Synchrotron

Hadron Exptl Facility

Neuclear Transmutation
Exptl Facility (Planned)

3GeV Synchrotron

Neutrino Exptl Facility

Materials & Life Science
Exptl Facility

Areas of J-PARC covered by the Promotion of Public Use legislation

Fig 1

Figure 1.  The Public Neutron Beam Facility at J-PARC (shown in red).
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Distribution of Beamtime on the Public Beamlines
 The Selection Committee of CROSS-Tokai regu-
larly reviews and sets policies for the distribution 
of beamtime on the Public Beamlines at the MLF. 
Governed by the legislative framework within which 
the Public Neutron Beam Facility was established 
and in response to the operational requirements of 
the beamlines, beamtime is currently distributed in 
approximately the following ratios:

The Role of CROSS-Tokai
 Under the terms of the legislation that supports 
the Public Neutron Beam Facility, CROSS-Tokai is 
entrusted with specific responsibilities. In practical 
terms, the core functions of CROSS-Tokai can be 
summarized as follows:
  Proposal Selection and Beamtime Allocation on 

the Public Beamlines
  User Support on the Public Beamlines
  Establishment of an Information Resource for 

Facility Users

Figure 2.  The relationship between and respective functions of JAEA and CROSS-Tokai.

Cooperation
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(Fundamental Research – Industrial Application

International and Local Users

JAEA J-PARC
Construction, Operation, Maintenance     
& Upgrade of Accelerators, Neutron
Target & Public Beamlines
Stable Supply of Neutron Beams

Review of Proposals on Public Beamlines
Selection of Contract Beamlines
User Support on Public Beamlines
Provision of Information and Specialist 
Technical Advice
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Designated Advanced Large-Scale Research Facilities
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Figure 3.  Beamtime Distribution on the Public Beamlines.

(a) General Use (d) Director’s Discretion (up to 5%)

(b) Elements Strategy Initiative (up to 15%) (e) CROSS-Tokai Research (up to 15%)

(C) Trial Use (up to 5%) (f) Facility Use (up to 25%)
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  Outreach and Facility Utilization Promotion
  Contract Beamline Assessment and Selection

CROSS-Tokai in 2012
Overview
 Two years have now passed since CROSS-
Tokai commenced operations in support of the 
Public Beamlines at J-PARC. Though the start of di-
rect user support activities was delayed by about 10 
months due to the Great East Japan Earthquake of 
March 2011, CROSS-Tokai continued to expand the 
scope and scale of its activities during the recovery 
period and is now fully engaged in its core business 
of managing the proposal selection process for the 
Public Beamlines, delivering high-quality user sup-
port and promoting facility utilization. 

CROSS-Tokai 2012 Highlights
  PLANET becomes the 6th Public Beamline

 During JFY2012, the suite of Public Beamlines 
consisted of five fully-operational instruments: BL01 
4SEASONS, BL02 DNA, BL15 TAIKAN, BL17 
SHARAKU and BL18 SENJU. From JFY2013, the 
sixth Public Beamline at J-PARC・MLF – BL11 
PLANET – will become available to users.
 With the addition of PLANET to the fold, the 
range of science enabled on the Public Beamlines 
will be extended to include the study of liquids and 
solids under extreme temperature and pressure 
conditions with particular application in the Earth 
and Materials Sciences.
 For more information about PLANET and its ca-
pabilities, please see the detailed beamline update 
in this report.

  Strategic Use
 In keeping with our mandate to promote facility 
utilization and actively support national research 
priorities, CROSS-Tokai initiated two new user pro-
grams on the Public Beamlines in JFY2012:
   Trial Use – a program that promotes the use 

of neutrons by first-time or novice users from 
both the industrial and academic sectors; 
and,

   Elements Strategy Initiative – a Japanese 
Government program that aims to promote 
the development of alternative materials and 
technologies in the target areas of permanent 
magnets, catalysis and batteries, and elec-
tronic and structural materials.

 Please see the “What’s new at the MLF in 2012” 
section in this report for more details about Trial Use 
and the Elements Strategy Initiative.

  JASRI – CROSS-Tokai Complementary Use
 In the area of facility utilization promotion, we 
have in the last year joined with JASRI – our sister 
organization at SPring-8 – to develop a system of 
Complementary Use proposals. This system aims 
to encourage and facilitate complementary and col-
laborative use of multiple large-scale facilities – ini-
tially neutron and synchrotron radiation sources – in 
a single research project. We hoped that, ultimately, 
the system will develop to a stage where users can 
make a single research proposal to multiple facilities.

Other Key CROSS-Tokai activities and milestones 
in JFY2012
  Proposal Selection

   2012B Call for Proposals – May-Jun 2012
   2013A Call for Proposals – Oct-Nov 2012
   Supported the work of committees associ-

ated with proposal selection:
    Selection Committee –20 Aug 2012 at TKP 

Ochanomizu Conference Center, Tokyo,
    13 Feb 2013 at TKP Tamachi Conference 

Center, Tokyo
    Proposal Evaluation Committee & Expert 

Panels 
    2 Aug 2012 at KEK-Tokai, Ibaraki (Expert 

Panels)
    3 Aug 2012 at KEK-Tokai, IbarakiFigure 4.  BL11 PLANET.
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    31 Jan 2013 at KEK-Tokai, Ibaraki (Expert 
Panels)

    1 Feb 2013 at KEK-Tokai, Ibaraki
    CROSS Development Proposal Evaluation 

Panel 
   26 – 27 Dec 2012 at KEK-Tokai, Ibaraki

  User Support
 CROSS-Tokai is now supporting user operations 
and ongoing instrument development activities on 
the five Public Beamlines with a Neutron R&D team 
of 28 scientists, programmers, engineers and tech-
nicians.

 Complementing these human resources, CROSS-
Tokai continues to develop and maintain user facili-
ties in the Ibaraki Quantum Beam Research Center 
including:
   User Experiment Preparation Laboratory I – 

Hard Matter
   User Experiment Preparation Laboratory II – 

Soft Matter & Biomaterials
   User Data Analysis Room
   User Lounge and “Refresh Rooms”

Contract Beamline Review
 Also starting this year, CROSS-Tokai is un-
dertaking the task of reviewing the operation and 
performance of contract beamlines at the MLF. 
Specifically, during JFY2012, we established and 
set terms of reference for the Contract Beamline 
Evaluation Committee that will carry out the interim 
review of two Ibaraki Prefecture beamlines (BL03 
iBIX and BL20 iMATERIA) during JFY2013.

  Outreach and Facility Promotion
 Workshops
   3rd CROSSroads Workshop : Structure and 

Function of Chiral Magnetic Materials 17-18 
Dec 2012, Ibaraki Quantum Beam Center, TokaiFigure 5.  Selection Committee 20 Aug 2012.

Figure 6.  User facilities in the Ibaraki Quantum Beam Research Center.

User Experiment Preparation 
Laboratory I

User Experiment Preparation 
Laboratory II

User Data Analysis Room

User Lounge Refresh Rooms
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   4th CROSSroads Workshop : Progress in 
Thin Film and Interface Science at J-PARC 
10 Jan 2013, Kenkyusha, Tokyo

   5th CROSSroads Workshop : Structure and 
Properties of Materials using the Single 
Crystal Diffractometers at J-PARC 25-26 
Feb 2013, Ibaraki Quantum Beam Center, 
Tokai

   6th CROSSroads Workshop : Leading Edge 
Research using Dynamics Spectrometers 
14-15 Mar 2013, Tokyo Office of Kyoto 
University, Tokyo

Public Lectures
   Applications of Synchrotron Radiation 

and Neutrons in Cultural Heritage 28 Sept 
2012, Kenkyusha, Tokyo

Seminars
   1st Seminar on Neutron Scattering at 

RIKEN 24 Apr 2012, RIKEN, Wako, Saitama

   Industrial Applications of Neutron 
Scattering 27 Jul 2012, Mitsui Mining and 
Smelting Co., Saitama

   Industrial Applications of Neutron 
Scattering in Osaka 8 Aug 2012, Osaka 
Science & Technology Center, Osaka

   Industrial Applications of Neutron 
Scattering 9 Aug 2012, Sumitomo Chemical 
Co., Osaka

   Industrial Applications of Neutron 
Scattering 19 Oct 2012, TOYOTA Central 
R&D Labs, Aichi

   Industrial Applications of Neutron 
Scattering 28 Nov 2012, TORAY Research 
Center, Shiga

   Industrial Application Seminar (at JSNS 
Annual Meeting 2012) 10 Dec 2012, Kyoto 
University, Kyoto

   1st Synchrotron Radiation ・ Neutron 
Linkage Use Seminar 22 Mar 2013, LMJ 
Tokyo, Tokyo
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 In Japanese Fiscal Year (JFY) 2012, the beam 
operation at the MLF started with a beam power 
of 200 kW. Figure 1 shows the trend of the beam 
power from the first beam to the end of May 2013. 
Although the accelerator already demonstrated its 
capability for beam operation with power of 300 kW, 
the mercury target had a pitting damage issues on 
the target vessel so the beam power for users had 
to be  limited to less than 200 kW. After installation 
of the helium bubbler system in the mercury target, 
the power of the beam operation increased to as 
high as 300 kW. For the accelerator study, a high 
power beam of up to 500 kW operated shortly for 
less than one minute.
 The time schedule in JFY2012 is shown in Fig. 
2. Because of the strong demand from the neutrino 
facility in J-PARC, a long beam time was planned 
in JFY 2012 for all facilities. Since the ion source of 
the accelerator was found to have a long life time, 
the period for each beam run became longer than 

Status of Beam Operations at the MLF

the previous. According to the plan, the beam was 
stopped for a short time only for the MLF in the end 
of April and the beginning of January because of the 
maintenance of the cryogenic system at the neutron 
source. In Table 1, the scheduled time and avail-
ability are shown. We succeeded in supplying beam 
for users with long duration and considerably high 
availability, such as 95%. 

Run# Scheduled Time (h). Availability
42 967 96.4
43 775 96.7
44 516 94.1
45 801 92.4
46 886 93.8
47 636 94.5

Overall 4581 94.7

Table 1.  Run cycle, scheduled time and availability.

Figure 1.  Beam power trend at MLF and cumulative beam power from the first beam to the summer 2013.
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Figure 2.  Scheduled plan and actual results for the beam operation in JFY2012 at J-PARC.
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Figure. Number of domestic and foreign users in the fiscal year period.

 The number of users at MLF in fiscal year 2012 
hit a record high. After recovering from the damages 
caused by the March 11th earthquake in 2011, the 
MLF was fully operational in fiscal year 2012, and 
the number of MLF users in each category had sig-
nificantly increased from those in the previous fis-
cal year. The number is not expected to increase in 
fiscal year 2013 since a long period of accelerator 
shut down is planned for the upgrade of the linear 

Users at the MLF

accelerator to increase the beam energy from 180 
MeV to 400 MeV. After the upgrade, more users 
than ever will come to MLF. The transition of the 
number of users at MLF is summarized in Table and 
Figure for domestic and foreign users of the neutron 
and muon experimental facilities. 

Table. The number of domestic and foreign users in the period of fiscal year

FY2008 FY2009 FY2010 FY2011 FY2012
Domestic 

Users
Foreign 
Users

Domestic 
Users

Foreign 
Users

Domestic 
Users

Foreign 
Users

Domestic 
Users

Foreign 
Users

Domestic 
Users

Foreign 
Users

Neutron
182 378 529 222 735

161 21 353 25 485 44 198 24 650 85

Muon
12 57 55 30 72

12 0 55 2 48 7 28 2 62 10
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MLF Proposals Summary – FY2012 

Beam-
line Instrument

2012A 2012B
Submitted Approved Submitted Approved

GU PU/S IU GU PU/S IU GU PU/S IU GU PU/S IU
BL01 4D-Space Access Neutron Spectrometer - 4SEASONS 9 2 2 9 2 2 15 2 2 8 2 2

BL02 Biomolecular Dynamics Spectrometer -  DNA 3 3 2 2 3 2 8(2#) 3 2 7(1#) 3 2

BL03 Ibaraki Biological Crystal 
Diffractometer - iBIX

(100-β)‡ 1 0 0 1 0 0 1 0 0 1 0 0

(β)† 1 11 0 1 11 0 2 11 0 2 11 0

BL04 Accurate Neutron-Nucleus Reaction 
Measurement Instrument - ANNRI 2 1 1 2 1 1 7 1 1 7 1 1

BL05 Neutron Optics and Physics - NOP 2 1 0 2 1 0 1 1 0 1 1 0

BL08 Super High Resolution Powder Diffractometer -S-HRPD 9 1 0 6 1 0 16 1 0 10 1 0

BL10 Neutron Beamline for Observation and 
Research Use - NOBORU 8 4 1 8 4 1 14 4 1 11 4 1

BL11 High-Pressure Neutron Diffractometer - PLANET 0 0 1 0 0 1 0 0 1 0 0 1

BL12 High Resolution Chopper Spectrometer- HRC 5 1 0 1 1 0 4 1 0 4 1 0

BL14 Cold-neutron Disk-chopper Spectrometer - AMATERAS 16 2 1 11 2 1 16 2 1 11 2 1

BL15 Small and Wide Angle Neutron Scattering Instrument 
- TAIKAN 16 6 1 16 6 1 35(5#, 2+) 6 1 19(5#, 2+) 6 1

BL16 High-Performance Neutron Reflectometer  with a 
Horizontal Sample Geometry - SOFIA 7 1 0 7 1 0 17 1 0 17 1 0

BL17 Polarized Neutron Reflectometer - SHARAKU 8 3 2 5 3 2 18(3#) 3 2 9(3#) 3 2

BL18 Extreme Environment Single Crystal Neutron 
Diffractometer - SENJU 4 2 3 4 2 3 11(1#) 2 3 5(1#) 2 3

BL19 Engineering Diffractometer  - TAKUMI 18 4 1 15 4 1 26 4 1 21 4 1

BL20 Ibaraki Materials Design 
Diffractometer - iMATERIA

(100-β)‡ 15 0 0 11 0 0 15 0 0 9 0 0

(β)† 28 12 0 27 12 0 23 12 0 23 12 0

BL21 High Intensity Total Diffractometer - NOVA 6 1 0 6 1 0 21 1 0 15 1 0

D1 Muon D1 7 1 1 5 1 1 16 1 1 13 1 1

D2 Muon D2 14 0 1 12 0 1 9 0 1 8 0 1

U Muon U 0 1 0 0 1 0 0 1 0 0 1 0

Subtotal 179 57 17 151 57 17 275 57 17 161 57 17

Total 253 225 349 235

Table 1.  Breakdown of Proposal Numbers for the 2012A & 2012B Rounds.

GU : General Use  PU : Project Use or Ibaraki Pref. Project Use IU : Instrument Group Use
S : S-type Proposals † : Ibaraki Pref. Exclusive Use Beamtime (β = 80% in FY2012)
‡ : J-PARC Center General Use Beamtime (( 100-β = 20% in FY2011 )
# : Proposal Numbers under Trial Use  Access System  in  GU
+ : Proposal numbers under Element Strategy in GU

Figure 1.  MLF Proposal Numbers over Time.
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Universities
(Japan)

JAEA
Companies 

(Japan)
KEK

Foreign 
Organizations

Research Institutes 
(Japan)

212 141 101 34 46 68

Table 2.  Principal Investigator Affiliations in FY2012.

Figure 2.  Origin of Proposals in FY2011.

Sub-committee
Expert Panel

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Q1 Q2

No. of Proposals 96 29 44 14 77 15 56 25 11 2 14 32

Table 3.  Proposals by Sub-committee/Expert Panel – FY2012.

Figure 3.  Submitted Proposals by Sub-committee/Expert Panel – FY2012.
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Neutron Source Section
JAEA

 Leader Hiroshi Takada
 Sub-Leader Yoshimi Kasugai
  Katsuhiro Haga
  Shinichiro Meigo
  Kenji Sakai
  Makoto Teshigawara
  Tomokazu Aso
  Hidetaka Kinoshita
  Kenichi Oikawa
  Masahide Harada
  Hiroyuki Kogawa
  Takashi Wakui
  Tetsuya Kai
  Masakazu Seki
  Akihiko Watanabe
  Akira Ogawa
  Kiichi Ohtsu

Neutron Science Section
KEK

 Leader Takashi Kamiyama
  Hideki Seto
  Toshiya Otomo
  Tetsuya Yokoo
  Norifumi Yamada
  Shuki Torii
  Tomohiro Seya
  Masataka Sakaguchi
  Zhang Junrong
  Koichiro Sadakane
  Kaoru Taketani
  Hidetoshi Ohshita
  Shinichi Ito
  Takashi Ino
  Setsuo Satoh
  Suguru Muto

  Naokatsu Kaneko
  Masao Yonemura
  Miki Nagao

JAEA
 Sub-Leader Kazuya Aizawa
  Kentaro Suzuya
  Kenji Nakajima
  Takayuki Oku
  Mitsutaka Nakamura
  Stefanus Harjo
  Takeshi Nakatani
  Shinichi Takata
  Nobuaki Takahashi
  Takenao Shinohara
  Ryoji Kiyanagi

  Toshiaki Uehara
  Kiyomi Ikezaki
  Kohei Hanano
  Hideki Tatsumoto
  Motoki Ooi
  Yoshihiko Kawakami
  Hideki Ueno
  Hisashi Sakurayama
  Takashi Naoe
  Atsushi Akutsu
  Toru Suzuki
  Masato Ida
  Hideaki Ishii
  Shoichi Hasegawa
  Hiroki Matsui
  Shizuka Yoshinari
  Chieko Higuchi

MLF Division Staff 2012

 Director  Masatoshi Arai (JAEA)
 Vice Director  Hideki Seto (KEK)
   Masatoshi Futakawa (JAEA)
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  Yukinobu Kawakita
  Seiko Kawamura
  Yasuhiro Inamura
  Tatsuya Kikuchi
  Takuro Kawasaki
  Jun Abe
  Taiki Tominaga
  Wu Gong
  Yiwei Yang
  Hiromichi Tanaka
  Wataru Kambara
  Yukihiro Ito
  Takaaki Iwahashi
  Tomonori Hosoya
  Yasuhiro Yamauchi
  Kentaro Moriyama
  Masayasu Takeda
  Toyotaka Osakabe
  Kazuo Kurihara
  Wataru Utsumi

  Shuichi Wakimoto
  Takanori Hattori
  Itaru Tamura
  Koji Kaneko
  Satoru Fujiwara
  Hiroshi Nakagawa
  Asami Sano
  Hideo Harada
  Atsushi Kimura
  Shoji Nakamura
  Yosuke Toh
  Mariko Segawa
  Hiroshi Iikura
  Hidehito Asaoka
  Masato Kubota
  Chiho Tobe
  Naoko Shimizu
  Junko Akutsu
  Mayu Mizukoshi
  Yukino Inoue

Neutron Instrumentation Section
JAEA

 Leader Kazuhiko Soyama
  Kaoru Sakasai
  Dai Yamazaki
  Kentaro Toh
  Tatsuya Nakamura
  Ryuji Maruyama

  Hirotoshi Hayashida
  Katsunori Honda
  Hiroyuki Suzuki
  Takuro Sakai
  Hideshi Yamagishi
  Mana Hirayama

Muon Section
KEK

 Leader Yasuhiro Miyake
  Ryosuke Kadono
  Koichiro Shimomura
  Kenji Kojima
  Patrick Strasser
  Naritoshi Kawamura
  Akihiro Koda
  Hiroshi Fujimori
  Shunsuke Makimura
  Yasuhisa Nemoto
  Yasuo Kobayashi
  Kusuo Nishiyama
  Yutaka Ikedo

  Tetsuya Masuda
  Jumpei Nakamura
  Masanori Miyazaki
  Ichihiro Yamauchi
  Takashi Nagatomo
  Yohei Nakatsugawa
  Yoshitomo Takahashi
  Masatoshi Hiraishi
  Yoshiro Irie
  Yoshinori Ishiji

JAEA
  Wataru Higemoto
  Takashi Ito
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Science Coordinators
  Masatoshi Sato

Neutron R&D Division
 Head Jun-ichi Suzuki
 Head (Deputy) Ryoichi Kajimoto
  Sungdae Ji
  Kazuhiko Ikeuchi 
  Kaoru Shibata 
  Kazuya Kamazawa 
  Takeshi Yamada 
  Kazuki Ohishi 
  Hiroki Iwase 
  Tazuko Mizusawa 
  Yoshifumi Sakaguchi 
  Noboru Miyata 
  Takashi Ohhara 
  Akiko Nakao 
  Takayasu Hanashima 

  Koji Munakata 
  Koji Kiriyama 
  Takayoshi Ito 
  Yukihiko Kawamura 
  Hiroshi Kira 
  Motoyuki Ishikado 
  Kazuhiro Akutsu 
  Makoto Kobayashi 
  Akifumi Kishi 
  Tadashi Futagami 
  Kaoru Sato 
  Jun-ichi Sato 
  Satoshi Kasai 
  Sayaka Suzuki 

  Yoshiaki Fukushima

 CROSS-Tokai Staff 2012

 Director Yasuhiko Fujii

Health and Safety Division
  Toshiyuki Yamashita

Utilization Promotion Division
 Head Tohru Matoba
 Head (Deputy) Garry John Foran
  Toshiki Asai
  Rei Ohuchi
  Junko Ohta
  Shin-ichi Yamaguchi

  Megumi Kawakami
  Aya Yamada
  Katsumi Kunigihara
  Asami Inoue
  Emi Takaha

Admin and Finance Division
 Head Yasuo Seishi
 Head (Deputy) Masaru Yokoyama
  Takahiro Koizumi

  Tomoyuki Yabana
  Mika Gunji
  Mutsumi Shiraishi
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Committee and Meetings

Materials and Life Science Facility Advisory Board
物質・生命科学実験施設利用委員会

Kazuya Aizawa Japan Atomic Energy Agency, Japan
Masatoshi Arai  Japan Atomic Energy Agency, Japan   
Yasuhiko Fujii  Comprehensive Research Organization for Science and Society, Japan
Toshiharu Fukunaga  Kyoto University, Japan     
Masatoshi Futakawa  Japan Atomic Energy Agency, Japan   
Makoto Hayashi  Ibaraki Prefecture, Japan     
Mitsuhiro Hirai  Gunma University, Japan     
Kazuaki Iwasa  Tohoku University, Japan     
Masahiko Iwasaki  RIKEN, Japan      
Ryosuke Kadono  High Energy Accelerator Research Organization, Japan  
Shinichi Kamei  Mitsubishi Research Institute, Inc., Japan 
Takashi Kamiyama  High Energy Accelerator Research Organization, Japan
Toshiji Kanaya (Chair)  Kyoto University, Japan   
Takashi Kato  Japan Atomic Energy Agency, Japan 
Youji Koike  Tohoku University, Japan   
Yasuhiro Miyake  High Energy Accelerator Research Organization, Japan
Junichirou Mizuki  Japan Atomic Energy Agency, Japan 
Toshiya Otomo  High Energy Accelerator Research Organization, Japan
Hideki Seto  High Energy Accelerator Research Organization, Japan
Mitsuhiro Shibayama  University of Tokyo, Japan  
Jun Sugiyama  Toyota Central R&D Labs., Inc., Japan
Eiko Torikai  University of Yamanashi, Japan  

Term of board appointments: 1 April 2011 - 31 March 2013

Neutron Instrument Proposal Review Committee
中性子実験装置部会

Masatoshi Arai  Japan Atomic Energy Agency, Japan   
Koichiro Asahi  Tokyo Institute of Technology, Japan
Masatoshi Futakawa Japan Atomic Energy Agency, Japan   
Muneyuki Imafuku  Tokyo City University, Japan    
Takashi Kamiyama  High Energy Accelerator Research Organization, Japan  
Hideaki Kitazawa  National Institute for Material Science, Japan  
Yoshiaki Kiyanagi (Chair) Hokkaido University, Japan     
Yukio Morii  Ibaraki Prefecture, Japan     
Yukio Morimoto  Kyoto University, Japan     
Kenji Nakajima  Japan Atomic Energy Agency, Japan   
Toshiya Otomo  High Energy Accelerator Research Organization, Japan  
Kenji Ohoyama  Tohoku University, Japan     
Mamoru Sato  Yokohama City University, Japan    
Hideki Seto  High Energy Accelerator Research Organization, Japan  
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Jun-ichi Suzuki  Comprehensive Research Organization for Science and Society, Japan
Naoya Torikai  Mie University, Japan     
Hideki Yoshizawa  University of Tokyo, Japan

Term of committee appointments: 1 April 2011 - 31 March 2013

Neutron Science Proposal Review Committee
中性子課題審査部会

Yoshiaki Akiniwa  Yokohama National University, Japan    
Masatoshi Arai Japan Atomic Energy Agency, Japan   
Takahisa Arima  University of Tokyo, Japan    
Sung-Min Choi  Korea Advanced Institute of Science and Technology, Korea
Hideto En’yo  RIKEN, Japan      
Toshiharu Fukunaga  Kyoto University, Japan
Yoshiaki Fukushima Comprehensive Research Organization for Science and Society, Japan     
Makoto Hayashi  Ibaraki Prefecture, Japan     
Takashi Kamiyama  High Energy Accelerator Research Organization, Japan  
Toshiji Kanaya  Kyoto University, Japan     
Takashi Kato  Japan Atomic Energy Agency, Japan   
Brendan Kennedy  University of Sydney, Australia    
Yoshiaki Kiyanagi  Hokkaido University, Japan     
Yasuhiro Miyake  High Energy Accelerator Research Organization, Japan  
Yukio Morii  Ibaraki Prefecture, Japan     
Yukio Noda  Tohoku University, Japan     
Yuji Ohashi  Ibaraki Prefecture, Japan 
Toshiya Otomo High Energy Accelerator Research Organization, Japan    
Je-Geun Park  Seoul National University, Korea    
Mamoru Sato  Yokohama city University, Japan    
Hideki Seto  High Energy Accelerator Research Organization, Japan  
Mitsuhiro Shibayama (Chair) University of Tokyo, Japan    
Jun-ichi Suzuki  Comprehensive Research Organization for Science and Society, Japan
Peter Timmins  Institut Laue-Langevin, France     
Yo Tomota  Ibaraki University, Japan     
Xun-Li Wang  Oak Ridge National Laboratory, U.S.A   
Hideki Yoshizawa  University of Tokyo, Japan

Term of committee appointments: 1 April 2011 - 31 March 2013

JAEA Research Proposal Advisory Committee
J-PARC物質・生命科学実験施設におけるJAEA研究課題諮問委員会

Masatoshi Arai  Japan Atomic Energy Agency, Japan   
Toshiharu Fukunaga  Kyoto University, Japan     
Mitsuhiro Hirai  Gunma University, Japan     
Masayuki Imai  Ochanomizu University, Japan     
Toshiji Kanaya  Kyoto University, Japan     
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Yuji Kawabata  Kyoto University, Japan     
Yukinobu Kawakita  Japan Atomic Energy Agency, Japan   
Hideaki Kitazawa  National Institute for Material Science, Japan  
Yoshiaki Kiyanagi  Hokkaido University, Japan
Takashi Kato Japan Atomic Energy Agency, Japan     
Michiyasu Mori  Japan Atomic Energy Agency, Japan   
Yoichi Murakami  High Energy Accelerator Research Organization, Japan  
Kenji Nakajima  Japan Atomic Energy Agency, Japan   
Hiroyuki Oigawa  Japan Atomic Energy Agency, Japan   
Taku Sato  University of Tokyo, Japan    
Hideki Seto  High Energy Accelerator Research Organization, Japan  
Shinichi Shamoto  Japan Atomic Energy Agency, Japan   
Hirohiko Shimizu  Nagoya University, Japan     
Jun-ichi Suzuki  Comprehensive Research Organization for Science and Society, Japan
Keisuke Tanaka  Meijo University, Japan     
Yo Tomota  Ibaraki University, Japan     
Eiko Torikai  University of Yamanashi, Japan    
Kazuyoshi Yamada  Tohoku University, Japan  

Term of committee appointments: 1 April 2011 - 31 March 2014

Neutron Program Advisory Committee
中性子共同利用実験審査委員会

Koichiro Asahi  Tokyo Institute of Technology, Japan   
Yasushi Idemoto  Tokyo University of Science, Japan   
Shinichi Itoh  High Energy Accelerator Research Organization, Japan  
Kazuaki Iwasa  Tohoku University, Japan     
Ryosuke Kadono  High Energy Accelerator Research Organization, Japan  
Hiroshi Kageyama  Kyoto University, Japan     
Hiroyuki Kagi  University of Tokyo, Japan    
Takashi Kamiyama  High Energy Accelerator Research Organization, Japan  
Toshiji Kanaya  Kyoto University, Japan     
Mikio Kataoka  Nara Institute of Science and Technology
Yoshiaki Kiyanagi Hokkaido University, Japan  
Yutaka Moritomo  University of Tsukuba, Japan    
Youichi Murakami  High Energy Accelerator Research Organization, Japan  
Toshiya Otomo  High Energy Accelerator Research Organization, Japan  
Hideki Seto (Chair) High Energy Accelerator Research Organization, Japan  
Hirohiko Shimizu  High Energy Accelerator Research Organization, Japan  
Masaaki Sugiyama  Kyoto University, Japan     
Jun-ichi Suzuki  Comprehensive Research Organization for Science and Society, Japan
Soichi Wakatsuki High Energy Accelerator Research Organization, Japan
Noboru Yamamoto  High Energy Accelerator Research Organization, Japan  
Osamu Yamamuro  University of Tokyo, Japan

Term of committee appointments: 1 April 2011 - 31 March 2013    
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Muon Instrument Proposal Review Committee
ミュオン実験装置部会

Masatoshi Arai  Japan Atomic Energy Agency, Japan 
Koichiro Asahi Tokyo Institute of Technology, Japan 
Wataru Higemoto  Japan Atomic Energy Agency, Japan 
Masahiko Iwasaki  RIKEN, Japan    
Ryosuke Kadono  High Energy Accelerator Research Organization, Japan
Takashi Kato  Japan Atomic Energy Agency, Japan 
Kenji Kojima  High Energy Accelerator Research Organization, Japan
Kenya Kubo (Chair)  International Christian University, Japan  
Yoshitaka Kuno  Osaka University, Japan   
Yasuhiro Miyake  High Energy Accelerator Research Organization, Japan
Nobuhiko Nishida  Tokyo Institute of Technology, Japan 
Hiroyuki Nojiri  Tohoku University, Japan   
Toru Ogitsu  High Energy Accelerator Research Organization, Japan
Koichiro Shimomura  High Energy Accelerator Research Organization, Japan
Yasunori Yamazaki  RIKEN, Japan

Term of committee appointments: 1 April 2011 - 31 March 2013 

Muon Science Proposal Review Committee
ミュオン課題審査部会

Masatoshi Arai  Japan Atomic Energy Agency, Japan 
Koichiro Asahi  Tokyo Institute of Technology, Japan 
Kim H. Chow  University of Alberta, Canada  
Roberto De Renzi  University of Parma, Italy 
Wataru Higemoto  Japan Atomic Energy Agency, Japan
Katsuhiko Ishida  RIKEN, Japan    
Kenji Ishida  Kyoto University, Japan   
Ryosuke Kadono  High Energy Accelerator Research Organization, Japan
Shinsaku Kambe  Japan Atomic Energy Agency, Japan 
Takashi Kamiyama  High Energy Accelerator Research Organization, Japan
Hiroshi Kobori  Chiba University, Japan   
Youji Koike (Chair) Tohoku University, Japan    
Kenya Kubo  International Christian University, Japan  
Yasuhiro Miyake  High Energy Accelerator Research Organization, Japan
Yuichiro Nagame  Japan Atomic Energy Agency, Japan 
Yasuo Nozue  Osaka University, Japan   
Masao Ogata  University of Tokyo, Japan  
Shinji Tsuneyuki  University of Tokyo, Japan 
Soichi Wakatsuki High Energy Accelerator Research Organization, Japan

Term of committee appointments: 1 April 2011 - 31 March 2013
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Muon Program Advisory Committee
ミュオン共同利用実験審査委員会

Hiroshi Amitsuka  Hokkaido University, Japan   
Masaharu Aoki  Osaka University, Japan   
Wataru Higemoto  Japan Atomic Energy Agency, Japan 
Katsuhiko Ishida  RIKEN, Japan    
Kenji Ishida  Kyoto University, Japan   
Kenji Itoh  High Energy Accelerator Research Organization, Japan
Ryosuke Kadono (Chair) High Energy Accelerator Research Organization, Japan
Shinsaku Kambe  Japan Atomic Energy Agency, Japan 
Yoh Kobori  Chiba University, Japan   
Yoji Koike  Tohoku University, Japan   
Kenji Kojima  High Energy Accelerator Research Organization, Japan
Tadashi Koseki  High Energy Accelerator Research Organization, Japan
Kenya Kubo  International Christian University, Japan  
Yasuyuki Matsuda  University of Tokyo, Japan  
Yasuhiro Miyake  High Energy Accelerator Research Organization, Japan
Yuichro Nagame  Japan Atomic Energy Agency, Japan 
Hironori Nakao  High Energy Accelerator Research Organization, Japan
Yasuo Nozue  Osaka University, Japan   
Masao Ogata  University of Tokyo, Japan
Toshiya Otomo High Energy Accelerator Research Organization, Japan  
Atsushi Shinohara  Osaka University, Japan   
Shinji Tsuneyuki  University of Tokyo, Japan
Soichi Wakatsuki High Energy Accelerator Research Organization, Japan 

Term of committee appointments: 1 April 2011 - 31 March 2013

Selection Committee (CROSS)
選定委員会

Toshio Akai  Mitsubishi Rayon Co., Ltd., Japan   
Hidetoshi Fukuyama (Chair) Tokyo University of Science, Japan   
Makoto Hayashi  Ibaraki Prefecture, Japan     
Kazuaki Iwasa  Tohoku University, Japan     
Shinichi Kamei  Mitsubishi Research Institute Inc., Japan   
Toshiji Kanaya  Kyoto University, Japan     
Mikio Kataoka  Nara Institute of Science and Technology, Japan 
Naoki Kishimoto  National Institute of Material Science, Japan  
Tomoko Nakanishi  University of Tokyo, Japan    
Kazumi Nishijima  Mochida Pharmaceutical Co., Ltd., Japan   
Mitsuhiro Shibayama  University of Tokyo, Japan    
Masaki Takada  RIKEN, Japan      
Kiyoyuki Terakura  Japan Advanced Institute of Science and Technology, Japan
Eiko Torikai  University of Yamanashi, Japan

Term of committee appointments: 15 June 2011 - 31 March 2013
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Neutron Advisory Committee (NAC)
NAC-2013 convened 14-15 Feb 2013 at the IQBRC, Tokai

List of NAC-2013 Members
Kurt N. Clausen Paul Scherrer Institute, Switzerland
Mahn Won Kim Korea Advanced Institute of Science and Technology, Korea
Yoshiaki Kiyanagi Hokkaido University, Japan
Dan A. Neumann National Institute of Standards and Technology, USA
Robert Robinson Australian Nuclear Science and Technology Organization, Australia
Uschi Steigenberger (Chair) Science and Technology Facilities Council, UK
Werner Wagner Paul Scherrer Institute, Switzerland

Group photo of NAC-2013
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Muon Science Advisory Committee (MuSAC)
MuSAC-11 convened 22-23 Feb 2013 at the KEK Tokai Campus

List of MuSAC-11 Members
Hiroshi Amitsuka Hokkaido University, Japan
Toshiyuki Azuma RIKEN, Japan
Klaus P. Jungman University of Groningen, Netherlands
Elvezio Morenzoni (Chair) Paul Scherrer Institute, Switzerland
Yasuo Nozue Osaka University, Japan
Francis Pratt ISIS, UK
Jeff E. Sonier Simon Fraser University, Canada
Jun Sugiyama Toyota Central R&D Labs., Inc., Japan

Group photo of MuSAC-11



209MLF Operations in 2012

The Government Review of J-PARC

Hiroaki Aihara  University of Tokyo, Japan
Hidetoshi Fukuyama (Chair)  Tokyo University of Science, Japan
Takaaki Kajita  University of Tokyo, Japan
Toshiji Kanaya  Kyoto University, Japan
Michiyo Kaneko  Toyota Motor Corporation, Japan
Akio Komori  National Institutes of Natural Sciences, Japan
Noritaka Kumagai  Japan Synchrotron Radiation Research Institute, Japan
Kazumi Nishijima  Mochida Pharmaceutical Co., Ltd., Japan
Kiyotaka Okada  National Institutes of Natural Sciences, Japan
Nobuyuki Osakabe  Hitachi, Ltd., Japan
Hirokazu Tamura  Tohoku University, Japan
Eiko Torikai  University of Yamanashi, Japan
Yuriko Yamagata  Kumamoto University, Japan
Hiromi Yokoyama  University of Tokyo, Japan

Term of committee appointments: 24 February 2012 - 31 January 2013

The Government started their review of J-PARC on March, 2012. The accomplishment of early 
recovery from the Great East Japan Earthquake was highly appreciated. The major focus of this 
review was to establish the future five year plan. For Neutrons, the committee recommended that 
the extensive efforts should be made to improve the environments for sample preparations and 
data analyses. For Muons, the best effort for the coming five years for the Muon group should be 
to fill up two beamlines, called S and H. The construction of a research building and an isotope 
storage building were also discussed.
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MLF Workshops in 2012

Conferences and workshops held jointly by J-PARC MLF and CROSS-Tokai

4th MLF Symposium and Ibaraki Prefecture Beamlines User Meeting
10-11 Oct 2012, MIRAIKAN, Tokyo (230 participants, 38 oral and  81 poster presentations)

Joint Meeting of the 10th International Conference on Quasielastic Neutron Scattering (QENS) 
and the 5th International Workshop on lnelastic Neutron Spectrometers (WINS) 
30 Sept – 4 Oct 2012, Nikko, Tochigi (99 participants, 104 presentations)

With the increasing level of scientific activity at the facility, the number and scope of research 
workshops held under the auspices of the MLF rapidly expanded in 2012.
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12th Korea-Japan Meeting on Neutron Science
3-6 Feb 2013,   University of the Ryukyus, Okinawa (59 participants, 49 presentations)

SNS - JSNS Collaboration on Source Development
27-29 Nov 2012, Oak Ridge National Laboratory, Tennessee, USA (held only by J-PARC MLF)

JSNS Annual Meeting 2012
10-11 Dec 2012,   Kyoto University, Kyoto (Main sponsor: Japanese Society for Neutron Science)

Workshops co-sponsored by J-PARC Center, CROSS-Tokai and other organizations

The 17th Sagamore Conference, IUCr Commission on Charge, Spin, and Momentum Densities
15-20 Jul 2012,  Daini Meisui Tei, Kitayuzawa, Hokkaido

Symposium on the Linkage Use of Synchrotron Radiation and  Neutrons in Structural Biology 
– Realizing the construction of a high-resolution neutron spectrometer for biological polymers  at 
J-PARC MLF
22 Jan 2013, Tokyo International Forum, Tokyo
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Workshops held by KEK

1st H-Line Workshop
18-19 May 2012, University of Tokyo, Komaba, Tokyo

3rd Progress Report Meeting of J-PARC·MUSE 
(Muon Science Establishment)
30 May 2012,   KEK Tokai, Tokai

Workshop on New Research Directions using Intense Quantum Beams
– Analysis of Buried Interfaces in Thin Films and Multilayers
26-28 Jun 2012 ,  KEK Tsukuba, Tsukuba

Tsukuba Soft Matter Meeting 2012 in TOKAI
30-31 Aug 2012,   KEK Tokai, Tokai

BL16 Neutron Reflectometer Workshop 2012
3-4 Oct 2012, KEK Tokai, Tokai

Workshops in 2012
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High Resolution Chopper Spectrometer Workshop
6 Nov 2012, KEK Tokai, Tokai

POLANO Planning Workshop – A new polarized neutron scattering spectrometer for J-PARC
12 Nov 2012, KEK Tokai, Tokai

Neutron Spin-Echo Workshop
16 Nov 2012,   KEK Tsukuba, Tsukuba

Fundamental Physics with Neutrons
20-21 Nov 2012, Nagoya University, Nagoya

NOVA High-intensity Total Scattering Diffractometer Workshop
3-4 Dec 2012, KEK Tokai, Tokai

Super-HRPD & SPICA Workshop
14 Dec 2012, KEK Tokai, Tokai

5th Workshop on Muon Science and Accelerator Research
6-8 Jan 2013, KEK Tsukuba, Tsukuba

The 5th Japan-Taiwan Joint Meeting on Neutron and X-ray Scattering
25-26 Feb 2013, KEK Tokai, Tokai

IMSS Science Festa
14-15 Mar 2013, Tsukuba International Congress Center, Tsukuba
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Workshops held by CROSS-Tokai

3rd CROSSroads Workshop
Structure and Function of Chiral Magnetic Materials
17 18 Dec 2012, Ibaraki Quantum Beam Center, Tokai

4th CROSSroads  Workshop 
Progress in Thin Film and Interface Science at J-PARC
10 Jan 2013, Kenkyusha, Tokyo

5th CROSSroads Workshop 
Structure and Properties of Materials using the Single Crystal Diffractometers at J-PARC
25-26 Feb 2013, Ibaraki Quantum Beam Center, Tokai

6th CROSSroads Workshop
Leading Edge Research using Dynamics Spectrometers
14-15 Mar 2013, Tokyo Office of Kyoto University, Tokyo
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Other Workshops co-sponsored by CROSS-Tokai

Industrial Applications of Neutrons Users Society Workshops

1st 2012 Workshop on Surfaces and Interfaces
3 Sept 2012, Kenkyusha, Tokyo

1st 2012 Workshop on Residual Stress and Strain
25 Sept 2012, Kenkyusha, Tokyo

1st 2012 Workshop on Metallographic Structure
27 Sept 2012, National Institute of Materials Science, Tsukuba

1st 2012 Workshop on Structural Biology
2 Oct 2012, Kenkyusha,  Tokyo

1st 2012 Workshop on Non-destructive Visualization and Analysis Methods
9 Nov 2012, Kenkyusha, Tokyo

2nd 2012 Workshop on Metallographic Structure
3 Dec 2012, UDX Conference Center, Tokyo

6th Workshop on Soft Matter Neutron Scattering
21 Dec 2012, Kenkyusha, Tokyo

7th Workshop on Soft Matter Neutron Scattering
28 Feb 2013, Kenkyusha, Tokyo

2012 Workshop on Magnetic Materials
1 Mar 2013, Rengo Kaikan, Tokyo

2012 Workshop on Battery Materials
8 Mar 2013, Tokyo Office of Kyoto University, Tokyo

4th Workshop on Analytical Methods in Small Angle Scattering
13 Mar 2013, Tokyo Office of Kyoto University, Tokyo

Neutrons in Biology
13-14 Mar 2012, Tokyo Office of Kyoto University. Tokyo

2nd 2012 Workshop on Residual Stress and Strain
18 Mar 2013, Kenkyusha, Tokyo

2nd 2012 Workshop on Structural Biology
21 Mar 2013, Kenkyusha, Tokyo

Public Lectures

Applications of Synchrotron Radiation and Neutrons in Cultural Heritage
28 Sept 2012, Kenkyusha, Tokyo
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Seminars and Courses in 2012

Seminars co-convened by CROSS-Tokai with other organizations

1st Seminar on Neutron Scattering at RIKEN
24 Apr 2012, RIKEN, Wako, Saitama

Industrial Applications of Neutron Scattering
27 Jul 2012, Mitsui Mining and Smelting Co., Saitama

Industrial Applications of Neutron Scattering in Osaka
8 Aug 2012, Osaka Science & Technology Center, Osaka

Industrial Applications of Neutron Scattering 
9 Aug 2012, Sumitomo Chemical Co., Osaka

Industrial Applications of Neutron Scattering 
19 Oct 2012, TOYOTA Central R&D Labs, Aichi

Industrial Applications of Neutron Scattering
28 Nov 2012, TORAY Research Center, Shiga

Industrial Application Seminar (at JSNS Annual Meeting 2012)
10 Dec 2012, Kyoto University, Kyoto

1st Synchrotron Radiation - Neutron Linkage Use Seminar
22 Mar 2013, LMJ Tokyo, Tokyo

Short Courses co-convened by J-PARC Center with other organizations

Z-Code Training Course
11-12 Mar 2013, LMJ Tokyo, Tokyo
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Schools in 2012

The first MLF School was held in 2012.

MLF School 2012 
18-21 Dec 2012, J-PARC MLF and IQBRC, Tokai

Practical experiments at the MLF were newly included in the KEK Summer Challenge in 2012

KEK Summer Challenge

Lectures: 8 Aug 2012, KEK, Tsukuba
Experiments: 22-24 Nov 2012, J-PARC MLF, Tokai

24 StudentsLectures in class

Hands-on experiments

9 Students
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The JSNS Young Scientist Award 
Novel Ordered Structures in the Mixture of Water / 
Organic Solvent / Salts Investigated by Neutron 
Scattering

The Japanese Society for Neutron Science
Koichiro Sadakane, December 2012

The JSNS Technology Award
Development of Automatic Sample Exchange and 
Transfer System in iMATERIA
The Japanese Society for Neutron Science
Akinori Hoshikawa, Toru Ishigaki and Masao 
Yonemura, December 2012

The JSNS President Choice
Neutron Spin Echo Spectrometer at the Pulsed 
Neutron Source 
Hamon, Vol.21, No.4, pp.239—242, 2011 
The Japanese Society for Neutron Science
Hideki Seto, Masahiro Hino, Norifumi L. Yamada, 
December 2012

Award List

平成 24 年度　科学技術分野の文部科学大臣表彰　
科学技術賞 研究部門
(The Commendation for Science and Technology by 
the Minister of Education, Culture, Sports, Science 
and Technology: Prizes for Science and Technology: 
Research Category)
パルス中性子による高効率ナノダイナミクス計測技術の
研究
新井正敏、中村充孝、梶本亮一
平成 24 年 4 月 17 日

日本油化学会　第 11 回オレオサイエンス賞
添加剤により誘起される巨大単層膜ベシクルの形成メカニ
ズム
山田悟史、菱田真史
平成 24 年 10 月 3 日

第 33 回核物質管理学会日本支部年次大会優秀論
文賞
NDA 用 ZnS シン チレーション中性子検出器開発計画
呉田昌俊、曽山和彦、瀬谷道夫、大図章、春山満夫、
中村龍也、藤健太郎、坂佐井馨
平成 24 年 10 月

物構研サイエンスフェスタ学生奨励賞
NaAlD4 における水素吸蔵放出反応の高強度中性子全散乱
装置（NOVA）を用いた in-situ 測定
藤崎布美佳
平成 25 年 3 月 15 日
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1 B. Adiperdana, I. A. Dharmawan, R. E. Siregar, I. Watanabe, K. 
Ohishi, Y. Ishii, T. Suzuki, T. Kawamata, Risdiana, R. Sheuermann, 
K. Sedlak, Y. Tomioka, T. Waki, Y. Tabata, and H. Nakamura

 Muon Sites Estimation in La2CuO4 and A New Vanadium Cluster 
Compound, V4S9Br4, using Electronic and Nuclear Dipole Field 
Calculations

 Physics Procedia 30 109 (2012)

2 M. Arai
 Recovery from the Earthquake at MLF
 MLFの震災からの復興 （特集 震災からの復興）
 Hamon /波紋 22 216 (2012)

3 Y. Arimoto, H. Funahashi, N. Higashi, M. Hino, K. Hirota, 
S. Imajo, T. Ino, Y. Iwashita, R. Katayama, M. Kitaguchi, K. 
Mishima, S. Muto, H. Oide, H. Otono, Y. Seki, T. Shima, H. M. 
Shimizu, K. Taketani, T. Yamada, S. Yamashita, and T. Yoshioka

 Present status of neutron fundamental physics at J-PARC
 Progress of Theoretical and Experimental Physics 2012 02B007 

(2012)

4 Y. Arimoto, P. Gertenbort, S. Imajo, Y. Iwashita, M. Kitaguchi, Y. 
Seki, H. M. Shimizu, and T. Yoshioka

 Demonstration of focusing by a neutron accelerator
 Physical Review A 86 023843 (2012)

5 Y. Arimoto, Y. Iwashita, T. Yoshioka, M. Kitaguchi, S. Imajo, H. 
M. Shimizu, K. Asahi, T. Ino, Y. Kamiya, K. Mishima, S. Muto, K. 
Sakai, T. Shima, K. Taketani, S. Yamashita, and A. Yoshimi

 Development of Longitudinal-Gradient Magnet for Time Focusing 
of Ultra-Cold Neutron With Anisotropic Inter-Pole

 IEEE Transactions on Applied Superconductivity 22 4500704 
(2012)

6 R. G. Burkovsky, A. V. Filimonov, A. I. Rudskoy, K. Hirota, M. 
Matsuura, and S. B. Vakhrushev

 Diffuse scattering anisotropy and inhomogeneous lattice 
deformations in the lead magnoniobate relaxor PMN above the 
Burns temperature

 Physical Review B 85 094108 (2012)

7 K. H. Chow, M. Månsson, Y. Ikedo, J. Sugiyama, O. Ofer, E. J. 
Ansaldo, J. H. Brewer, M. Isobe, H. Gotou, T. Yagi, Y. Ueda, and C. 
Baines

 μSR Investigation of the Hollandite Vanadate K2V8O16

 Physics Procedia 30 117 (2012)

8 Neutron Source Section, Materials and Life Science Division
 Technical design report of spallation neutron source facility in 

J-PARC 
 JAEA-Technology 2011-035 (2012)

9 T. Fujiwara, H. Takahashi, T. Yanagida, K. Kamada, K. Fukuda, 
Y. Fujimoto, N. Kawaguchi, N. L. Yamada, M. Furusaka, K. 
Watanabe, and M. Uesaka

 Study on Ce: LiCAF scintillator for 3He alternative detector
 Neutron News 23 31 (2012)

10 M. Futakawa
 Seismic Damages at MLF Neutron Source
 MLF中性子源における震災 （特集 震災からの復興）
 Hamon /波紋 22 228 (2012)

11 M. Futakawa

 Present status of JSNS and R&D for high power operation in J-PARC
 Proceedings of ICANS-XX 111 (2012)

12 M. Futakawa, T. Naoe, H. Kogawa, K. Haga, and K. Okita
 Cavitation erosion induced by proton beam bombarding mercury 

target for high power spallation neutron source
 Proceedings of the 8th International Symposium on Cavitation 

(CAV2012) 822 (2012)

13 K. Haga, H. Kogawa, T. Wakui, T. Naoe, and M. Futakawa
 Development of the high power mercury target and the bubbler 

installation
 Proceedings of ICANS-XX 307 (2012)

14 J. Han, J. Zhu, Y. Li, X. Yu, S. Wang, G. Wu, H. Xie, S. C. Vogel, 
F. Izumi, K. Momma, Y. Kawamura, Y. Huang, J. B. Goodenough, 
and Y. Zhao

 Experimental visualization of lithium conduction pathways in 
garnet-type Li7La3Zr2O12

 Chemical communications 48 (79) 9840 (2012)

15 M. Hase, A. Dönni, K. Ozawa, H. Kitazawa, O. Sakai, V. Y. 
Pomjakushin, L. Keller, K. Kaneko, N. Metoki, K. Kakurai, M. 
Matsuda, T. Yang, R. Cong, and J. Lin

 Neutron scattering studies of the spin-5/2 antiferromagnetic linear 
trimer substance SrMn3P4O14

 Journal of Physics: Conference Series 340 012066 (2012)

16 K. Hemmi, R. Fukuta, E. Uykur, S. Miyasaka, S. Tajima, A. 
Nakao, H. Nakao, R. Kumai, and Y. Murakami

 Cr- and Mo-Doping Effects on Structural and Orbital Order Phase 
Transition in Spinel-Type MnV2O4

 Journal of the Physical Society of Japan 81 SB030 (2012)

17 W. Higemoto, T. U. Ito, K. Ninomiya, R. H. Heffner, K. 
Shimomura, K. Nishiyama, and Y. Miyake

 Muon Beam Slicer at J-PARC MUSE
 Physics Procedia 30 30 (2012)

18 W. Higemoto, T. U. Ito, K. Ninomiya, T. Onimaru, K. T. 
Matsumoto, and T. Takabatake

 Multipole and superconducting state in PrIr2Zn20 probed by muon 
spin relaxation

 Physical Review B 85 235152 (2012)

19 W. Higemoto, T. U. Ito, K. Ninomiya, T. Onimaru, K. T. 
Matsumoto, and T. Takabatake

 μSR Studies on Caged Compound PrIr2Zn20

 Physics Procedia 30 125 (2012)

20 K. Hikawa, Y. Shirai, T. Takegami, M. Shiotsu, H. Tatsumoto, K. 
Hata, H. Kobayashi, Y. Naruo, Y. Inatani, and N. Narita

 Over-Current Characteristics of MgB2 Wire Cooled by Liquid 
Hydrogen 

 Proceeding of ICEC24-ICMC2012 203 (2012)

21 Y. Hirata, K. M. Kojima, M. Ishikado, S. Uchida, A. Iyo, H. Eisaki, 
and S. Tajima

 Correlation between the interlayer Josephson coupling strength 
and an enhanced superconducting transition temperature of 
multilayer cuprate superconductors

 Physical Review B 85 054501 (2012)

22 T. Hirayama, K. Matsubayashi, T. Yamashita, S. Ohara, K. 
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Munakata, and Y. Uwatoko
 Pressure-induced Suppression of the Antiferromagnetic Transition 

in YbNi3Al9 Single Crystal
 Journal of Physics: Conference Series 391 012020 (2012)

23 N. Hoshino, F. Iijima, N. N. Graham, N. Yoshida, T. Shiga, H. 
Nojiri, A. Nakao, R. Kumai, Y. Murakami, and H. Oshio

 Three-way switching in a cyanide-bridged [CoFe] chain
 Nature Chemistry 4 921 (2012)

24 Y. Idemoto, T. Kashima, and N. Kitamura
 Investigation on Crystal and Electronic Structures of 0.5Li2MnO3-
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 Electrochemistry 80 791 (2012)
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 Two-dimensional incommensurate magnetic fluctuations in 
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